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COURSE GOAL 
 
The goal of this course is to provide the students with the ability to verify that the design of the residential fire sprinkler 
system complies with national standards and a manufacturer’s product data sheets. It does not address differences that 
may be adopted in any state and/or local ordinances. Discussions will revolve around the differences among the 
application of National Fire Protection Association (NFPA) 13, Standard for the Installation of Sprinkler Systems; 
13D, Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and Manufactured Homes; 
13R, Standard for the Installation of Sprinkler Systems in Low-Rise Residential Occupancies; and International 
Residential Code (IRC) P2904 that can be used as models in their own communities.  
 
The students will examine sample plans in order to identify the technical components of residential sprinkler systems 
and to identify the sprinkler types that are required. Sample plans and manufacturer’s product literature will be used 
to evaluate sprinkler locations, to verify calculations of sprinkler flow, to determine if the correct number of sprinklers 
is accounted for, and to calculate the minimum pressure suggested by the manufacturer’s specifications.  
 
 

AUDIENCE, SCOPE AND COURSE PURPOSE 
 
The target audience for the “Residential Sprinkler Plan Review” (RSPR) course is code officials whose responsibility 
is to review residential sprinkler plans. Such officials include fire inspectors, fire marshals and building code 
inspectors with at least one year of experience on the job.  
 
Students should possess the ability to read and comprehend standard residential sprinkler plans at a basic level. They 
should be able to identify symbols, trace the system, differentiate between construction plans and residential sprinkler 
system plans, and read and interpret sprinkler plan notes and their accompanying legend. The students should have a 
conceptual understanding of existing standards NFPA 13, 13D, 13R and IRC P2904. 
 
The purpose of this course is to provide students with the ability to verify that the design of the residential fire sprinkler 
system is in compliance with national standards and codes to aid in the detection and control of residential fires and, 
consequently, to provide protection against injury, loss of life and property damage. 
 
 

GRADING METHODOLOGY 
 
Assessment 
 
Each student will be given a plans review assessment and final exam which will constitute 60% of the final grade. The 
passing criterion for the course will be 70% or higher. 
 
 
Final Course Grade 
 

Activity Percent of Final Grade 
Discussion 15 
Student Activities 25 
Final Assessment  60 

 
 

Score Range Letter Grade to be Assigned to 
Student 

90-100 A 

80-89 B 

70-79 C 
69 or less F 



RESIDENTIAL SPRINKLER PLAN REVIEW 

viii 

Required Reading Assignments 
 
Unit 1: Design and Installation Standards, Appendix C: The Makeover 
 
Student completion of reading assignments will be done via evaluation of their class participation and will not be a 
separately graded activity.  
 
 
Suggested Readings 
 
Suggested readings are not evaluated but may enhance the student’s understanding and promote discussion of course 
material. 
 
Bryan, J. L. (2007). Residential sprinkler systems. In Dubay, C. (Ed.) Automatic sprinkler systems for residential 

occupancies handbook (pp 223-269). Retrieved from https://www.nfpa.org/~/media/Files/ 
forms%20and%20premiums/NF13DR07_CHS4.pdf 

 
Hugo, J. (2017-2018). Guide to fire sprinkler changes in the 2018 IFC, IBC, IRC and IEBC. Retrieved from 

https://nfsa.org/wp-content/uploads/2018/03/2018-IFC-IBC-IEBC-Guide.pdf 
 
Hugo, J. (2018, May 8). #107-The use of antifreeze in fire protection systems. Retrieved from 

http://www.qrfs.com/107--Antifreeze-in-Fire-Protection-Systems 
 
Koffel, W. (2013). The latest in antifreeze sprinkler systems. Emerging Trends enewsletter. Retrieved from 

https://www.sfpe.org/page/FPE_ET_Issue_59/The-Latest-in-Antifreeze-Sprinkler-Systems-.htm 
 
Rodriguez, M. (June 22, 2015). Tech topic: Residential fire sprinkler system design. Reeves Journal. Retrieved from 

https://www.reevesjournal.com/articles/88439-tech-topic-residential-fire-sprinkler-system-design 
 
Sweet, J. (July 7, 2014). Residential fire sprinklers: Required in California for a while, what do contractors think? 

Reeves Journal. Retrieved from https://www.reevesjournal.com/articles/88025-residential-fire-sprinklers 
 
 
 
  

https://www.nfpa.org/%7E/media/Files/forms%20and%20premiums/NF13DR07_CHS4.pdf
https://www.nfpa.org/%7E/media/Files/forms%20and%20premiums/NF13DR07_CHS4.pdf
https://nfsa.org/wp-content/uploads/2018/03/2018-IFC-IBC-IEBC-Guide.pdf
http://www.qrfs.com/107--Antifreeze-in-Fire-Protection-Systems
https://www.sfpe.org/page/FPE_ET_Issue_59/The-Latest-in-Antifreeze-Sprinkler-Systems-.htm
https://www.reevesjournal.com/articles/88439-tech-topic-residential-fire-sprinkler-system-design
https://www.reevesjournal.com/articles/88025-residential-fire-sprinklers
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SCHEDULE 
 

TIME DAY 1 DAY 2 

8:00 - 9:30 Introduction, Welcome and Administrative 

 
Unit 3: Pipe, Valves and Trim (cont’d) 
 
Activity 3.2: Identifying Head-Loss Values 
Caused by Domestic Water Meters 
 

9:30 - 9:40 Break Break 

9:40 - 10:40 

 
Unit 1: Design and Installation Standards  
 
Activity 1.1: Selecting Sprinkler Design and 
Installation Standards 
 

Unit 4: Sprinklers and Sprinkler Layout  

10:40 - 10:50 Break Break 

10:50 - 12:30 

 
Unit 2: Water Supplies 
 
Activity 2.1: Calculating Minimum Water 
Supply Requirements — Residential 
 
Activity 2.2: Calculating Minimum Water 
Supply Requirements 
 

 
Unit 4: Sprinklers and Sprinkler Layout 
(cont’d) 
 
Activity 4.1: Sprinkler Installation, Omissions 
and Configurations  
 
Unit 5: Verifying Sprinkler Coverage and 
Hydraulic Design 
 

12:30 - 1:30  Lunch Break Lunch Break 

1:30 - 2:30 Unit 3: Pipe, Valves and Trim 

 
Unit 5: Verifying Sprinkler Coverage and 
Hydraulic Design (cont’d) 
 
Activity 5.1: Verifying Hydraulic Design 
Assumptions 
 
Unit 6: Prescriptive Design 
 

2:30 - 2:40 Break Break 

2:40 - 5:00 

 
Unit 3: Pipe, Valves and Trim (cont’d) 
 
Activity 3.1: Identifying Residential Sprinkler 
System Components 
 

 
Unit 6: Prescriptive Design (cont’d) 
 
Activity 6.1: Completing a Residential 
Sprinkler System Available Pressure Equation 
 
Unit 7: Conclusion 
 
Activity 7.1: Plans Review Assessment 
 
Final Exam 
 

 
Note: This schedule is subject to modification by the instructors and approved by the training 
specialist.  
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UNIT 1: 
DESIGN AND INSTALLATION 

STANDARDS 
 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
1.1 Explain the scope of residential sprinkler system design and installation standards for National Fire 

Protection Association (NFPA) 13, Standard for the Installation of Sprinkler Systems; 13D, Standard for the 
Installation of Sprinkler Systems in One- and Two-Family Dwellings and Manufactured Homes; 13R, 
Standard for the Installation of Sprinkler Systems in Low-Rise Residential Occupancies; and International 
Residential Code (IRC) P2904, given scoping statement examples. 

 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
1.1 Differentiate one- and two-family dwellings, townhouses, manufactured homes, and other residential 

occupancies. 
 
1.2 Differentiate the sprinkler system design and installation standards. 
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UNIT 1:
DESIGN AND INSTALLATION 

STANDARDS
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TERMINAL OBJECTIVE
Explain the scope of residential sprinkler system 
design and installation standards for National Fire 
Protection Association (NFPA) 13, Standard for the 
Installation of Sprinkler Systems; 13D, Standard 
for the Installation of Sprinkler Systems in One-
and Two-Family Dwellings and Manufactured 
Homes; 13R, Standard for the Installation of 
Sprinkler Systems in Low-Rise Residential 
Occupancies; and International Residential Code 
(IRC) P2904, given scoping statement examples.
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ENABLING OBJECTIVES
• Differentiate one- and two-family 

dwellings, townhouses, manufactured 
homes, and other residential occupancies.

• Differentiate the sprinkler system design 
and installation standards.
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I. RESIDENTIAL SPRINKLER DESIGN AND INSTALLATION 
 

A. The code official or designated authority (i.e., third-party reviewer) may have the 
responsibility to review residential sprinkler system plans, hydraulic calculations 
(or prescriptive design), and components for compliance with national design and 
installation standards. 

 
B. In those cases where plans are submitted, and to ensure that the code official has 

performed with due diligence, the code official should have a good understanding 
of the differences between and among the types of residential occupancies and how 
the sprinkler design standards are applied. 

 
C. Functionally, all sprinkler systems are the same. They consist of a water supply, a 

network of pipes, valves and attachments (sometimes called “trim”), and automatic 
sprinklers that discharge water when they are subject to heat. 

 
D. The differences among the national standards (National Fire Protection Association 

(NFPA) 13, Standard for the Installation of Sprinkler Systems; 13R, Standard for 
the Installation of Sprinkler Systems in Low-Rise Residential Occupancies; 13D, 
Standard for the Installation of Sprinkler Systems in One- and Two-Family 
Dwellings and Manufactured Homes; and International Residential Code (IRC) 
P2904) pertain to how sprinkler systems are designed and installed to provide an 
appropriate (and minimal) level of protection for the occupants and contents. 

 
 
II. OCCUPANCIES AND STANDARDS 
 

OCCUPANCIES
• One- and two-family 

dwellings.
• Manufactured homes.
• Modular construction.
• Townhouses.

– NFPA 13D/IRC P2904.
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A. Occupancy description. 

 
1. Before selecting the sprinkler design and installation standard that will be 

used to review and approve plans, the code official should identify the type 
of residential occupancy that is under consideration. 
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2. There are a variety of definitions that exist, depending upon the code or 
standard that is being used. 

 
a. Dwelling (from NFPA 13D): any building “that contains no more 

than two dwelling units intended to be used, rented, leased, let, or 
hired out to be occupied or that are occupied for habitation 
purposes” (2016). 

 
b. Manufactured home (from NFPA 13D): a structure, transportable in 

one or more sections, that is eight body feet or more in width or 40 
body feet or more in length in the traveling mode; when erected on 
site is 320 square feet or more; is built on a chassis and designed to 
be used as a dwelling, with or without a permanent foundation; and 
is connected to the required utilities, including plumbing, heating, 
air conditioning and electrical systems, contained therein. Formerly 
known as “mobile homes” or “trailer coaches.” 

 
c. Modular construction: a type of construction in which portions of 

the building are divided into modules or sections that are 
manufactured in a remote facility and delivered to a site for final 
assembly into a building. Regulated by local building code and 
treated as traditional “stick built” construction. 

 

OCCUPANCIES (cont’d)
• Hotels.
• Apartment buildings.
• Dormitories.
• Residential other than 

low-rise (NFPA 13/13R).
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d. Residential occupancies (from NFPA 13R): occupancies (up to and 

including four stories and no more than 60 feet in height) that 
include the following, as defined in NFPA 101, Life Safety Code®: 
apartment buildings, lodging and rooming houses, board and care 
facilities (prompt and slow evacuation type), hotels, motels, and 
dormitories. 
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OCCUPANCIES (cont’d)
• Assisted living.
• Personal care.
• Boarding homes.
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e. Residential Group R (from IRC and International Building Code 

(IBC)): “the use of a building or structure, or portion thereof, for 
sleeping purposes when not classified” as an institutional occupancy 
or regulated by the IRC (2015). Residential Group R includes 
boarding homes, hotels, motels, apartments, dormitories, convents, 
fraternities and sororities, vacation time-share properties, adult 
living facilities (five or fewer less than 24 hours), child care facilities 
(five or fewer less than 24 hours), congregate living (less than 16 
people), and residential care/assisted living (more than five but not 
more than 16 people). 

 
f. Townhouse (from IRC): “a single-family dwelling unit constructed 

in a group of three or more attached units in which each unit extends 
from foundation to roof and with a yard or public way on not less 
than two sides” (2015). 

 

OCCUPANCIES (cont’d)
• What type of residence? 
• What standard(s)?
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OCCUPANCIES (cont’d)
• What type of residence? 
• What standard(s)?
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OCCUPANCIES (cont’d)
• What type of residence? 
• What standard(s)?
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OCCUPANCIES (cont’d)
• What type of residence? 
• What standard(s)?
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OCCUPANCIES (cont’d)
• What type of residence? 
• What standard(s)?
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KNOWLEDGE CHECK
True or false: For fire sprinkler design, a 
three-story hotel and a three-story assisted 
living facility are the same type of occupancy. 
Explain your answer.
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B. Residential sprinkler design and installation standards. 

 

SPRINKLER STANDARDS
• NFPA 13.

– Commercial- and industrial-
type buildings.

– Residential more than 60 
feet above grade or more 
than four stories.

– Residential exceeding 
building code area and 
height tables.
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1. NFPA 13 is the standard for the design and installation of fire suppression 
sprinkler systems in commercial- or industrial-type buildings and applies to 
residential facilities more than 60 feet above grade, four stories in height, or 
that exceed building code limits for area and height. 

 
NFPA 13 is the original foundational standard for the installation and design 
of sprinkler systems. However, the configuration of the structure and the 
number of dwellings are the criteria used to determine which standard 
applies. If the residential standards are silent on an item, refer to NFPA 13. 

 

SPRINKLER STANDARDS 
(cont’d)

• NFPA 13R.
– Residential up to and including four stories 

and no more than 60 feet.
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2. NFPA 13R is the standard for the design and installation of sprinkler 

systems in residential buildings up to and including four stories and no more 
than 60 feet in height above grade plane. Common 13R applications include 
hotels, apartment buildings and condominiums. 

 
a. “Story height” is left up to the locally adopted building code 

definition. 
 

b. Incidental nonresidential portions should be protected by NFPA 13 
designs. 

 
- Parking garages. 

 
- Laundromats. 

 
- Hotel/Motel lobbies and service areas. 

 
- Retail or service shops. 
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PODIUM CONSTRUCTION
• NFPA 13 and 13R.

– Residential up to and including four stories 
and no more than 60 feet.

Slide 1-15  

  
  
  
  
  
  
  
  
  
  
  

 
3. IBC allows mixed-use “podium” construction. 

 
a. Lower floors must be Type IA fire-resistive construction. 

 
b. Lower floors must be separated from upper floors by three-hour fire-

resistive horizontal assembly. 
 

c. Upper floors may be residential construction. 
 

d. Building below the horizontal assembly must be sprinklered per 
NFPA 13. 

 
e. Maximum total building height (in feet) for podium with residential 

may not exceed 70 feet above grade plane for Type VA and 60 feet 
for Type VB construction. 

 

SPRINKLER STANDARDS 
(cont’d)

• NFPA 13D.
– One- and two-family dwellings.
– Manufactured homes.
– Townhouses.
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4. NFPA 13D is the standard for the design and installation of residential 
sprinkler systems in one- and two-family dwellings, manufactured homes 
and townhouses. Its purpose is to aid in the detection and control of 
residential fires; protect against injury, loss of life and property damage; 
and prevent flashover in the room of origin. 

 

SPRINKLER STANDARDS 
(cont’d)

• IRC P2904.
– One- and two-family

dwellings.
– Townhouses.

Slide 1-17  

  
  
  
  
  
  
  
  
  
  
  

 
5. IRC P2904 is a prescriptive design and installation standard included in the 

plumbing requirements of the IRC that is considered equivalent to NFPA 
13D for one- and two-family dwellings and townhouses. 

 

KNOWLEDGE CHECK
Townhouse occupancy falls under which 
standard(s)?

A. NFPA 13.
B. NFPA 13R.
C. NFPA 13D.
D. IRC P2904.

Slide 1-18  
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ACTIVITY 1.1 
 

Selecting Sprinkler Design and Installation Standards 
 
Purpose 
 
Differentiate the sprinkler system design and installation standards, and select the appropriate 
standard for the application shown. 
 
 
Directions 
 
The instructor will show you a series of photographs of different residential occupancies. For 
each slide, answer the following questions: 
 
1. Describe the type of residence shown. 
 
2. Cite the minimum design and installation standard(s) for that type of residence. 
 

a. Slide 1-20:   
 
b. Slide 1-21:   
 
c. Slide 1-22:   
 
d. Slide 1-23:   
 
e. Slide 1-24:   
 
f. Slide 1-25:   
 
g. Slide 1-26:   
 
h. Slide 1-27:   
 
i. Slide 1-28:   
 
j. Slide 1-29:   
 
k. Slide 1-30:   
 
l. Slide 1-31:   
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QUICK COMPARISON

Slide 1-32

NFPA 13 NFPA 13R NFPA 13D/IRC P2904

Scope All occupancies Group R to four stories 
and 60 feet in height

One- and two-family 
and townhouses

Coverage 

Sprinkler design

Sprinklers

Water demand

Duration
Fire Department 
Connection 
(FDC)

 

  
  
  
  
  
  
  
  
  
  
  

 
 
III. SUMMARY 
 

SUMMARY
• To apply the correct design and 

installation standard, the plans reviewer 
should know:
– The differences between standards (NFPA 

13, 13R, 13D and IRC P2904).
– The occupancy of the structure.
– The building’s height and configuration.

Slide 1-33  

  
  
  
  
  
  
  
  
  
  
  

 

SUMMARY (cont’d)
• NFPA 13R covers low- to mid-rise 

buildings:
– Residential up to and including four stories 

and no more than 60 feet in height.
– May be on top of “podium” construction.

• NFPA 13D and IRC P2904.

Slide 1-34  
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APPENDIX A 
 
 

OVERALL PLAN FOR THE PURPLE HOUSE 
RESIDENTIAL SPRINKLER SYSTEM 
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APPENDIX B 
 
 

QUICK COMPARISON CHART 
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APPENDIX C 
 
 

THE MAKEOVER 
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RESIDENTIAL SPRINKLER PLAN REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 2: 
WATER SUPPLIES 

 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
2.1 Evaluate residential sprinkler system water supply components for compliance with national standards. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
2.1 Differentiate water supply configuration options. 
 
2.2 Calculate the minimum water supply requirement for a known flow sprinkler. 
 
2.3 Calculate the minimum static water supply requirement, given a known flow from four sprinklers. 
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UNIT 2:
WATER SUPPLIES

Slide 2-1  

  
  
  
  
  
  
  
  
  
  
  

 

TERMINAL OBJECTIVE
Evaluate residential sprinkler system water 
supply components for compliance with 
national standards.

Slide 2-2  

  
  
  
  
  
  
  
  
  
  
  

 

ENABLING OBJECTIVES
• Differentiate water supply configuration 

options.
• Calculate the minimum water supply 

requirement for a known flow sprinkler.
• Calculate the minimum static water supply 

requirement, given a known flow from four 
sprinklers.

Slide 2-3  
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I. WATER SUPPLIES 
 

WATER SUPPLY OPTIONS
• Should be from an automatic supply.
• Non-pressurized tank with electric pump.
• Pressure tank.

– Compressed air or inert gas.

Slide 2-4  

  
  
  
  
  
  
  
  
  
  
  

 
A. Every automatic sprinkler system needs at least one automatic water supply. 

 
1. The supply shall be capable of delivering the minimum amount of water 

required to operate the system for the minimum amount of time specified in 
the standards. 

 
2. In all cases, the water source shall be reliable. 

 

WATER SUPPLY OPTIONS 
(cont’d)

• Municipal authority, 
private provider, or 
well of adequate 
capacity.
– Service size.
– Dedicated supply.
– Combined supply.
– Multipurpose 

system.

Slide 2-5  

  
  
  
  
  
  
  
  
  
  
  

 
B. The most common water supply arrangements for residential sprinkler systems 

include: 
 

1. Supply that comes from a municipal-type water system. 
 

a. National Fire Protection Association (NFPA) 13D, Standard for the 
Installation of Sprinkler Systems in One- and Two-Family Dwellings 
and Manufactured Homes, and 13R, Standard for the Installation of 
Sprinkler Systems in Low-Rise Residential Occupancies, offer 
options for connection to a municipal-type water system. 



WATER SUPPLIES 

SM 2-5 

KNOWLEDGE CHECK
Every automatic sprinkler system needs at 
least how many automatic water supplies?

A. One.
B. Two.
C.Three.
D.Four.

Slide 2-6  

  
  
  
  
  
  
  
  
  
  
  

 

PREFERRED MUNICIPAL 
METHOD

Slide 2-7

Drain and test 
connection

Source: National Fire Protection Association (NFPA) 13R, Standard for the Installation of 
Sprinkler Systems in Low-Rise Residential Occupancies/13D, Standard for the Installation of 
Sprinkler Systems in One- and Two-Family Dwellings and Manufactured Homes.

City water main City control valve

Main control valve

Water meter

Domestic shutoff

To domestic systemTo sprinkler system

Pressure gauge

Pressure gauge

Water flow alarm

Check valve

Plan view

 

  
  
  
  
  
  
  
  
  
  
  

 
b. International Residential Code (IRC) P2904 is generally intended to 

use municipal-type water systems in combination with domestic 
demand, but does allow other supply options, including wells and 
storage tanks. 

 

MINIMUM REQUIRED

Slide 2-8

Drain connection

Source: NFPA 13R/13D

City water main

Curb stop or shutoff valve (lockable) Water meter

Domestic system shutoff 
valve (lockable)

To domestic system

To automatic sprinkler system

Plan view
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ALTERNATE NO. 1

Slide 2-9

Drain and test 
connection

Source: NFPA 13R/13D

City water main City control valve

Sprinkler control valve

Water meter

Domestic shutoff

To domestic systemTo sprinkler system

Pressure gauge

Pressure gauge
Water flow alarm

Check valve

Plan view

 

  
  
  
  
  
  
  
  
  
  
  

 

ALTERNATE NO. 2

Slide 2-10

Drain and test connection

Source: NFPA 13R/13D

To sprinkler 
system

City water main
City control valve

Main control valve

Water meter

Domestic shutoff

To domestic system

Pressure gauge Pressure gauge

Water flow alarm

Check valve

Sprinkler shutoff (optional)

Plan view

 

  
  
  
  
  
  
  
  
  
  
  

 

NON-PRESSURIZED TANK
• Requires a pump.
• Plastic or metal 

container.
– 260 to 300 gallons.
– Can fit through 

standard door.

Slide 2-11  

  
  
  
  
  
  
  
  
  
  
  

 
2. Stored supply that comes from a non-pressurized water storage tank. 

 
a. This may include a gravity-fed elevated tank or suction tank. 
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b. When considering the installation of an indoor tank, remember to 
evaluate the potential load it is adding to the structure. 

 

NON-PRESSURIZED TANK 
(cont’d)

– Point load 
considerations.
-- 8.35 pounds per 

gallon.
-- 62.4 pounds per 

cubic foot.
• Weight of tank.

Slide 2-12  

  
  
  
  
  
  
  
  
  
  
  

 
- Water weighs 8.35 pounds per gallon. 

 
- A filled 300-gallon tank adds about 2,500 pounds to the floor 

where it is sitting. 
 

- Tank weight (tare) should be included, about 75 to 80 
pounds. 

 

ELECTRIC PUMP FOR 
NFPA 13D/IRC P2904

• Sized to deliver required flow at needed 
pressure.

• Separate standby or emergency power 
not required.
– Fire protection listing not required.
– Electrical listing required.

Slide 2-13  

  
  
  
  
  
  
  
  
  
  
  

 
3. For NFPA 13D systems, where a stand-alone tank and pump is the source 

of stored water supply for a fire sprinkler system, but is not part of the 
domestic water system: 

 
a. The tank shall contain the minimum capacity needed to supply the 

system. 
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b. A method for refilling the tank shall be piped to the tank. This can 
be from the domestic service. 

 
c. A method of seeing the water level in the tank without having to 

open it shall be provided. 
 

ELECTRIC PUMP FOR 
NFPA 13D

• 240-volt (V) 
normal circuit.

• Elevated above 
floor no less than 
1.5 inches.

Slide 2-14  

  
  
  
  
  
  
  
  
  
  
  

 
d. If a water flow alarm is provided, a test connection shall be provided 

downstream of the pump that creates a flow of water equal to the 
smallest sprinkler on the system. The connection shall return water 
to the tank. 

 
e. Pump motors using alternating current (AC) power shall be 

connected to a 240-volt (V) normal circuit. Standby, secondary or 
backup power supplies for the pump are not required. 

 

ELECTRIC PUMP FOR 
NFPA 13R

Slide 2-15  

  
  
  
  
  
  
  
  
  
  
  

 
f. Any means for disconnecting the pump shall be approved by the 

code official. 
 

- The pump may not sit directly on the floor. 
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- Pump is Underwriters Laboratories (UL)-listed for electrical 
safety, not fire protection service. 

 
g. IRC P2904 does not address pump design and installation criteria 

for fire protection systems, but it does mention that performance 
testing is required if pumps are installed. 

 

ELECTRIC PUMP FOR 
NFPA 13R (cont’d)

• Underwriters Laboratories (UL)-listed for 
fire protection.

• UL-listed pump controller.
• Pressure maintenance pump.
• Pump test header.
• Where a fire pump is installed, the fire 

pump shall be installed in accordance with 
NFPA 20, Standard for the Installation of 
Stationary Pumps for Fire Protection.

Slide 2-16  

  
  
  
  
  
  
  
  
  
  
  

 
h. For systems designed in accordance with NFPA 13, Standard for the 

Installation of Sprinkler Systems, and 13R, the fire pump assembly 
shall meet the requirements of NFPA 20, Standard for the 
Installation of Stationary Pumps for Fire Protection. 

 
- Fire pumps, controllers and drivers shall be listed for fire 

protection service and approved. 
 

PRESSURE TANK
• Pressure vessel under 

constant pressure.
• Atmospheric vessel 

with pressure provided 
by compressed air or 
inert gas when 
sprinkler system 
operates.

Slide 2-17  

  
  
  
  
  
  
  
  
  
  
  

 
4. Stored supply that comes from a pressurized water storage tank. If 

pressurized, it shall meet the American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code (BPVC). 
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KNOWLEDGE CHECK
What tank uses an electric pump?

A. Non-pressurized tank.
B. Pressure tank.

Slide 2-18  

  
  
  
  
  
  
  
  
  
  
  

 

PRIVATE WELL (NFPA 13D)

Slide 2-19

Sample system 
demand = 260 gallons.

Well casing capacity and/or refresh rate = 260 gallons.

 

  
  
  
  
  
  
  
  
  
  
  

 
5. Supply that comes from a private well casing (NFPA 13D). 

 
a. A well system shall contain a pump of sufficient capacity and 

pressure to support the sprinkler system demand. 
 

b. If the well casing is large enough, or the combined well casing and 
refresh rate can provide the required flow, no additional storage is 
required. 
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COMBINED PRIVATE WELL AND 
STORAGE (NFPA 13D)

Slide 2-20

Sample system demand = 260 gallons.

Well casing capacity = 60 gallons.

Tank = 200 gallons.

 

  
  
  
  
  
  
  
  
  
  
  

 
c. If the well supply alone cannot support the system, it can employ a 

combination of water in the well (including refill rate) plus the water 
in a holding tank if the tank supplies the sprinkler system. 

 
d. Standby, secondary or backup power supplies for the well and tank 

pump(s) are not required. 
 

STORED WATER SUPPLIES
• Should meet sprinkler design flow rates 

for minimum time.
• NFPA 13D/International Residential Code 

(IRC) P2904.
– Two sprinklers* x seven minutes.

-- One-story dwelling less than 2,000 square feet.

Slide 2-21

* See exception for single sprinkler in largest room.

 

  
  
  
  
  
  
  
  
  
  
  

 
6. The minimum stored water supply requirement for an NFPA 13D and IRC 

P2904 design is based on a specific number of sprinklers flowing, called the 
“design sprinklers.” 

 
a. Two sprinklers for seven minutes in a one-story, single-family 

dwelling unit less than 2,000 square feet. 
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STORED WATER SUPPLIES 
(cont’d)

• NFPA 13D/IRC P2904.
– Two sprinklers* x 10 minutes.

-- Two or more story dwelling, or more than 2,000 
square feet.

• NFPA 13R.
– Four sprinklers x 30 minutes.
– Up to four sprinklers in one compartment.

Slide 2-22

* See exception for single sprinkler in largest room.

 

  
  
  
  
  
  
  
  
  
  
  

 
b. Two sprinklers for 10 minutes for a dwelling unit two or more 

stories, or more than 2,000 square feet. 
 

c. Exception: one sprinkler (if the largest room(s) has only a single 
sprinkler). 

 
d. The minimum stored water supply requirement for an NFPA 13R 

design is based on a specific number of sprinklers flowing — up to 
four sprinklers for 30 minutes. 

 
e. The minimum stored water supply requirement for an NFPA 13 

design is based on the required design density for no less than 30 
minutes. 

 

WELL DRILLER’S REPORT
Maryland Example

Slide 2-23  
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KNOWLEDGE CHECK
The minimum stored water supply 
requirement for an NFPA 13R design is 
based on up to how many sprinklers for 30 
minutes?

A. One.
B. Two.
C.Three.
D.Four.

Slide 2-24  

  
  
  
  
  
  
  
  
  
  
  

 

SINGLE SPRINKLER DESIGN
When a single sprinkler can protect the 
largest room, and generic flow rate is used, 
it is an 18 gallon per minute (gpm) design.

Slide 2-25

Plan view
Manufacturer’s flow rate 

or
18 gpm 

Manufacturer’s flow rate 
or

13 gpm each

 

  
  
  
  
  
  
  
  
  
  
  

 

DESIGN FLOW RATES/STORED 
SUPPLY

• Specified in manufacturer’s catalog 
literature.
– If not specified, assume minimum 13 gpm.
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7. Combined domestic and sprinkler supplies. 
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a. Per NFPA 13D and IRC P2904, in systems that supply more than 
one dwelling unit, an additional 5 gallons per minute (gpm) shall 
be added to the system demand to accommodate domestic use, 
unless there is a device that automatically shuts off water to the 
domestic system when the sprinkler flows. 

 

DESIGN FLOW RATES/STORED 
SUPPLY (cont’d)

• Example:
– Generic sprinkler designed to flow 13 gpm.

13 gpm x 2 sprinklers x 7 minutes = 182 gallons
13 gpm x 2 sprinklers x 10 minutes = 260 gallons

13 gpm x 4 sprinklers x 30 minutes = 1,560 gallons

Slide 2-27  

  
  
  
  
  
  
  
  
  
  
  

 

DESIGN FLOW RATES/STORED 
SUPPLY (cont’d)

• NFPA 13D/IRC P2904.
– Add 5 gpm if system serves more than one 

dwelling unit.
– Example:

-- Generic sprinkler designed to flow 13 gpm.

13 gpm x 2 sprinklers = 26 gpm
26 gpm + 5 gpm = 31 gpm

31 gpm x 10 minutes = 310 gallons

Slide 2-28  

  
  
  
  
  
  
  
  
  
  
  

 

COMBINED DOMESTIC/FIRE
• NFPA 13R.
• Use fixture count table unless domestic 

supply is automatically shut off during 
sprinkler operation.

Slide 2-29  
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b. In NFPA 13R design systems that employ combined sprinkler and 
domestic demand (unless there is a device that automatically shuts 
off water to the domestic system when sprinkler flows), additional 
supply shall be included. 

 
- The standard does not provide guidance on rounding up, 

rounding down or interpolating values that fall between 
those specified in the tables. 

 

KNOWLEDGE CHECK
What is the minimum design flow rate to 
assume if it is not specified in the 
manufacturer’s catalog literature?

A. 10 gpm.
B. 11 gpm.
C.12 gpm.
D.13 gpm.
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ACTIVITY 2.1 
 

Calculating Minimum Water Supply Requirements — Residential 
 
Purpose 
 
Determine the minimum required water supply for various residential sprinkler configurations. 
 
 
Direction 
 
Given a series of scenario-type questions describing an occupancy and generic sprinkler flows, 
work in your table groups to calculate the minimum required water supply needed to support 
each scenario. 
 
 
Scenarios 
 
1. A ranch-style, single-family dwelling unit is one story in height and is 3,200 square feet. 

It has been determined that each sprinkler flows 9 gpm. What is the total stored water 
supply required for the sprinkler system for this dwelling unit? 

 
  
 
  
 
  

 
2. A two-story, single-family dwelling on a small lot in an urban neighborhood has a first-

floor footprint of 800 square feet, and the second floor measures the same. It has been 
determined that each sprinkler flows 16 gpm. What is the total stored water supply 
required for the sprinkler system for this dwelling unit? 
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3. A three-story, 12-unit apartment building is constructed of wood-frame walls and has 
poured-in-place concrete floors separating the stories. The entire building measures 
23,000 square feet. It has been determined that each sprinkler flows 16 gpm. What is the 
total stored water supply required for the sprinkler system for this apartment? 

 
  
 
  
 
  

 
4. A three-story, 12-unit townhouse building consists of 12 side-by-side units. The building 

is constructed of steel-frame walls and has wood floor systems to absorb sound. The 
entire building measures 36,000 square feet. It has been determined that each sprinkler 
flows 14.3 gpm. What is the total stored water supply for the sprinkler system required 
for this structure? 

 
  
 
  
 
  

 
5. A one-story, single-family dwelling in an exclusive part of town measures 18,000 square 

feet. It has been determined that two sprinklers flow a combined 21.2 gpm. What is the 
total stored water supply for the sprinkler system required for this structure? 

 
  
 
  
 
  

 
6. A rural, two-story duplex uses a stored water tank and electric pump to provide fire 

protection. What is the required voltage needed to supply the pump for the sprinkler 
system? 
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7. A suburban, 6,200 square foot duplex uses a combined domestic and sprinkler supply. It 
has been determined that two sprinklers flow a combined 23.7 gpm. For what total flow 
in gpm shall the combined domestic and sprinkler be designed? 

 
  
 
  
 
  

 
8. A three-story, multifamily apartment building is sprinklered in accordance with NFPA 

13R. The building uses a combined domestic and sprinkler supply. It has been 
determined that four sprinklers flow a combined 57.2 gpm. 

 
The building has six bathroom groups with flush tanks, six dishwashers, six kitchen sinks 
and a community washing machine capable of handling 16 pounds. For what total flow in 
gpm shall the combined domestic and sprinkler be designed? (See Appendix A: Overall 
Plan for the Purple House Residential Sprinkler System of this unit for fixture count load 
value and demand tables information.) 
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ACTIVITY 2.2 
 

Calculating Minimum Water Supply Requirements 
 
Purpose 
 
Determine the minimum required water supply for a specific project. 
 
 
Directions 
 
1. Using the Purple House example in Unit 1: Design and Installation Standards, Appendix 

A, work in your table groups to determine the minimum tank size needed to support the 
sprinkler system. Note: For the purpose of this exercise, ignore the values shown on the 
plans and use the following values. 

 
2. The sprinklers used in this project deliver 13 gpm at 7 pounds per square inch (psi). 
 
3. What minimum size tank is required for this project? 
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QUICK COMPARISON

Slide 2-33

NFPA 13 NFPA 13R NFPA 13D/IRC P2904

Scope All occupancies Group R to four stories and 
60 feet in height

One- and two-family 
and townhouses

Coverage Entire building Occupied spaces Occupied spaces

Sprinkler design

Control mode, pipe 
schedule, hydraulic 

design, 
minimum 0.1 gpm/square 

foot

Life-safety control mode, 
four-head design, or
0.05 gpm/square foot

Life-safety control 
mode, two-head 

design, or 
0.05 gpm/square foot

Sprinklers
All approved types, 

residential in dwelling 
unit, and adjacent corridor

Residential in dwelling unit 
and adjacent corridor, other 
approved types elsewhere

Residential in dwelling 
unit, other approved 

types elsewhere

Water demand System, plus 100 to 500 
gpm ± 52 gpm ± 26 gpm

Duration
Fire Department 
Connection 
(FDC)

 

  
  
  
  
  
  
  
  
  
  
  

 
 
II. SUMMARY 
 

• Remember the difference between flow 
rate and total supply.

• Know the reliable water supply required.
– Municipal type.
– Well casing with/without tank.
– Stored.

-- Non-pressurized.
-- Pressurized.

SUMMARY
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• Design flow rates are usually specified in 
the manufacturer’s catalog literature.

• For NFPA 13R, use the fixture count 
table.

• For NFPA 13D and IRC P2904, add 5 
gpm if the system serves more than one 
dwelling unit.

SUMMARY (cont’d)
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APPENDIX A 
 
 

FIXTURE LOAD VALUES AND TOTAL 
ESTIMATED DEMAND TABLES 
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Fixture Load Values from National Fire Protection Association 13R, Standard for 
the Installation of Sprinkler Systems in Low-Rise Residential Occupancies 

 
Facility Type Unit 

Private Facilities (those within individual dwelling units)  
Bathroom group with flush tank (including lavatory, water closet and bathtub 
with shower) 

6 

Bathroom group with flush valve 8 
Bathtub 2 
Dishwasher 1 
Kitchen sink 2 
Laundry trays (fixture supplied with cold and hot water and a drain) 3 
Lavatory (fixed bowl for washing with supply and drain) 1 
Shower stall 2 
Washing machine 2 
Water closet with flush valve (toilet bowl and its accessories) 6 
Water closet with flush tank 3 

Public Facilities  
Bathtub 4 
Drinking fountain 0 
Kitchen sink 4 
Lavatory 2 
Service sink 3 
Shower head 4 
Urinal with 1-inch flush valve 10 
Urinal with ¾-inch flush valve 5 
Urinal with flush tank 3 
Washing machine (8-pound capacity) 3 
Washing machine (16-pound capacity) 4 
Water closet with flush valve 10 
Water closet with flush tank 5 

 
Excerpted from NFPA 13R, Table A.9.6(a), Copyright 2016, National Fire Protection Association. 
 
Remember to use the table on the following page to convert “units” to gallons per minute (gpm). 
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Total Estimated Domestic Demand 
 

Total Demand 
Total Fixture Load Units For Systems with 

Predominately Flush 
Tanks (gpm) 

For Systems with 
Predominately Flush 

Valves (gpm) 
1 3 -- 
2 5 -- 
5 10 15 
10 15 25 
20 20 35 
35 25 45 
50 30 50 
70 35 60 
100 45 70 
150 55 80 
200 65 90 
250 75 100 
350 100 125 
500 125 150 
750 175 175 

1,000 200 200 
1,500 275 275 
2,000 325 325 
3,500 500 500 

 
Excerpted from NFPA 13R, Table A.9.6(b), Copyright 2016, National Fire Protection 
Association. 
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APPENDIX B 
 
 

WATER WELL DETAILS 
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Source: ASHRAE Transactions, Vol. 107, Pt. 2., Copyright 2001, American Society of Heating, 
Refrigerating and Air-Conditioning Engineers, Inc. Used with permission. 
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Figure 3 is from an article published by the American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc., and is used here to explain how wells can be used as residential 
sprinkler water sources. 
 
 
In any well, under non-pumping conditions, the level at which the water resides in the well is 
known as the static water level. When the pump is started, the water level will drop to a new level 
known as the pumping level, and this level is a function of the pumping rate. The difference 
between the static water level and the pumping level is referred to as the drawdown. 
 
Dividing the pumping rate by the drawdown yields a value known as the specific capacity with 
units of gallons per minute (gpm) per foot. This value provides a rough indication of the aquifer/ 
well capacity to produce water. The drawdown is the manifestation of the “cone of depression,” 
which forms around the well in response to pumping. 
 
The lower portion of the well in the production zone may be completed with only a borehole (in 
rock formations), a screen, or a screen and an artificial filter (gravel pack), depending on the nature 
of the aquifer materials. Casing is placed in the well to support the borehole and prevent collapse 
to accommodate the installation of a pump or to facilitate the placement of a seal. The diameter of 
the innermost well casing, known as the pump housing casing, is primarily a function of the size 
of the pump to be installed. 
 
The gross volume of the pump housing casing can be computed by the formula: 
 

V = (πr2h)*7.48 
 

Where: 
 
V = volume in gallons. 
π = pi (constant 3.1415). 
r = radius of the pump housing casing. 
h = pump housing casing height (depth). 

 
Displacement by the pump bowl assembly and shaft should be considered as reducing the overall 
volume.  
 
However, the amount of water that can be pumped out of a well at any given time is limited by the 
size of the static head and the well recovery or well flow rate, and of course by the pump rate, 
the gpm that the pump itself can or is set to deliver. 
 
The capacity of the well pump casing alone is not the only factor to be considered. People 
sometimes confuse things by describing what we call the well “flow rate” as the “water quantity” 
available from a well. They are different. 
 



WATER SUPPLIES 

SM 2-33 

You could have a great well waterflow rate — say 20 gpm — but if the water will only run at that 
rate for five minutes before you run out, the well has a very poor water quantity (5 minutes x 20  
gpm = 100 gallons of water), and it is not a satisfactory well for fire protection. 
 
A true well flow rate is not what we can measure in the building over five minutes; it is the ability 
of a well to deliver a sustained waterflow rate over a longer period, usually measured over 24 
hours. For fire protection purposes, if relying solely on the well’s performance, the flow rate shall 
be sustained for seven, 10 or 30 minutes, depending on the NFPA sprinkler design standard that is 
being used. 
 
If the well is not capable of supplying the flow rate or required amount on its own, a combination 
system can be employed, where the flow rate and quantity from the well are added to a storage 
tank inside the building, and the combined capacities are used to meet the water supply 
requirements. 
 
For example, if a well can provide a sustained output of 8 gpm for 20 minutes, the total output is 
160 gallons. This quantity is not adequate to supply most currently designed sprinkler systems. 
 
If the sprinkler system needed 320 total gallons at a flow rate of 32 gpm, this sample well could 
be combined with a 160-gallon storage tank and a separate booster pump to achieve the fire 
protection demand. 
 

 Volume 
Well capacity 160 gallons 
Storage tank 160 gallons 
Combined 320 gallons 

 
The booster pump would have to be sized to deliver at least 32* gpm at a pressure needed to 
overcome the influence of friction in pipe and elevation differences. 
 
(*Additional flow is required to fill the sprinkler system distribution pipe between the pump and 
the flowing sprinklers, so the actual pump output may be in the area of 35 gpm or more depending 
upon the size of the sprinkler system.) 
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APPENDIX C 
 
 

WELL DRILLER’S REPORT EXAMPLE 
 
  



WATER SUPPLIES 

SM 2-36 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 
  



WATER SUPPLIES 

SM 2-37 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 

 



RESIDENTIAL SPRINKLER PLAN REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 3 
PIPE, VALVES AND TRIM 

 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
3.1 Evaluate the residential sprinkler system pipe, valves and trim components and the design for compliance 

with national standards. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
3.1 Identify the location of components in a residential sprinkler system. 
 
3.2 Differentiate types of unlisted and listed pipe. 
 
3.3 Evaluate head-loss values caused by domestic water meters from a sample flow characteristic curve. 
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UNIT 3:
PIPE, VALVES AND TRIM
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TERMINAL OBJECTIVE
Evaluate the residential sprinkler system 
pipe, valves and trim components and the 
design for compliance with national 
standards. 
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ENABLING OBJECTIVES
• Identify the location of components in a 

residential sprinkler system.
• Differentiate types of unlisted and listed 

pipe.
• Evaluate head-loss values caused by 

domestic water meters from a sample 
flow characteristic curve.
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I. SPRINKLER SYSTEM TYPES 
 

SYSTEM TYPES
• Wet.

– Where temperatures 
above 40 F (4.4 C) 
are maintained.

• Dry.
– Must have sprinklers 

listed for dry pipe 
systems.
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Three major categories of sprinkler system types are recognized by national residential 
design and installation standards. 

 
A. Wet pipe: a system employing automatic sprinklers connected to a piping system 

containing water so that water will discharge immediately from sprinklers opened 
by heat from a fire. 

 
1. Required design where sprinkler pipe can be maintained at 40 F (4.4 C) or 

greater. 
 

2. For installations where pipe cannot be maintained at 40 F (4.4 C) or greater, 
the following options are available. 

 
B. Dry pipe: a system employing automatic sprinklers that are attached to a piping 

system that has air or nitrogen under pressure, the release of which permits the 
water to open a valve known as a dry pipe valve, and then water fills the pipe and 
flows out of the open sprinkler. 

 
1. Sprinklers on a dry pipe must be specifically listed for dry pipe use (e.g., 

Tyco 2234 Upright/Pendent or 2334 Horizontal Sidewall). Its use must be 
approved by the code official. 

 
2. Dry pipe systems must be capable of delivering water to the system’s most 

remote sprinkler within 15 seconds of sprinkler operation. 
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SYSTEM TYPES (cont’d)
• Preaction.

– Shall have sprinklers listed 
for dry pipe systems.

• Antifreeze.
– National Fire Protection 

Association (NFPA) 13D, 
Standard for the Installation 
of Sprinkler Systems in 
One- and Two-Family 
Dwellings and 
Manufactured Homes.

– Pre-mixed.
– Underwriters Laboratories (UL)-listed.
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C. Preaction: a system employing automatic sprinklers that are attached to a piping 

system that has air that might or might not be under pressure, with a supplemental 
detection system (smoke) installed in the same areas as the sprinklers. 

 
There are three acceptable preaction operating modes. 

 
1. A single interlock system, which admits water to sprinkler piping upon 

operation of detection devices. 
 

2. A noninterlock system, which admits water to sprinkler piping upon 
operation of detection devices or automatic sprinklers. 

 
3. A double interlock system, which admits water to sprinkler piping upon 

operation of both detection devices and automatic sprinklers. 
 

Double interlock preaction systems shall be capable of delivering water to 
the system’s most remote sprinkler within 15 seconds of sprinkler 
operation. 

 
D. Antifreeze: a wet pipe system containing a chemical solution intended to prevent 

water from freezing. 
 

1. Used as an option where ambient temperature may be less than 40 F (4.4 
C), making them an option for cold environments, especially in attics or 
small, unheated spaces. 

 
Other solutions, such as tenting insulation over the pipes as illustrated in 
National Fire Protection Association (NFPA) 13D, Standard for the 
Installation of Sprinkler Systems in One- and Two-Family Dwellings and 
Manufactured Homes, and 13R, Standard for the Installation of Sprinkler 
Systems in Low-Rise Residential Occupancies, installing pipe in warm 
spaces, using listed heat-tracing equipment, or the use of dry pipe or 
preaction systems are recommended by the NFPA. 
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2. When using post-chlorinated polyvinyl chloride (CPVC) pipe, only food-
grade glycerine (chemically pure or United States Pharmacopoeia 96.5%) 
may be used in antifreeze solution. 

 
a. Diethylene, ethylene and propylene glycols are specifically 

prohibited by the pipe manufacturer due to chemical reactions that 
may cause the pipe to leak. 

 
b. Propylene glycol may be used in copper or steel pipe systems. 

 
3. Antifreeze systems connected to municipal-type water supplies must 

comply with any local or state health requirements. 
 

This generally includes one or more cross-contamination control devices, 
also known as backflow preventers. 

 
4. If the antifreeze portion is not isolated from the wet pipe system by cross-

contamination prevention, it must have a drop loop or U-loop in accordance 
with NFPA 13D. 

 
5. Antifreeze solutions must be pre-mixed at a factory. 

 
6. The maximum allowable concentration of glycerine for a new system is 

48% by volume (50% in existing systems), and the maximum allowable 
concentration of propylene glycol for a new system is 38% by volume (40% 
in existing systems). 

 
7. All factory pre-mixed antifreeze solutions used in NFPA 13, Standard for 

the Installation of Sprinkler Systems, and 13R systems shall be provided 
with a certificate indicating the type of antifreeze, the concentration and the 
freezing point. 

 
8. For annual antifreeze testing and replacement recommendations, refer to 

NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-
Based Fire Protection Systems. 
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II. RESIDENTIAL SPRINKLER SYSTEM COMPONENTS 
 

SPRINKLER SYSTEM 
COMPONENTS OVERVIEW

• Valves.
• Alarm.
• Pipe.
• Water meters.
• Hangers.
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A. Residential sprinkler systems require very few components to control and deliver 

water. Some of this is by design. 
 

1. Reduces the number of sprinkler components in the system, thereby 
reducing the installation and maintenance costs. 

 
2. Reduces the number of potential “failure points,” such as inadvertently 

closed valves. 
 

CONTROL VALVES
• Indicating and non-indicating.

– For combined domestic/fire.
– Control valve must shut off 

both.
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B. Water supply control valves. There are two predominant types of control valves 

used in fire protection system design. 
 

1. Indicating valves that enable one to determine their open/closed status by 
visual check. These include: 

 
a. Outside stem and yoke (OS&Y). 
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b. Post indicator valve (PIV). 
 

- Not commonly used on small residential systems. 
 

c. Wall indicator valve (WIV). 
 

- Not commonly used on small residential systems. 
 

d. Quarter-turn valve. 
 

- These may include some ball valves. 
 

e. Butterfly valve. 
 

2. Valves that control water supplies must be indicating types. 
 

3. Non-indicating valves require manual operation to determine if they are 
open or closed. These include: 

 
a. Globe valve. 

 
b. Hose bib valve. 

 
c. Valves that perform other functions (but do not control supply) may 

be non-indicating. 
 

- Water flow test valves. 
 

- Drain valves. 
 

KNOWLEDGE CHECK
Identify the two main types of water supply 
control valves. Select all that apply.

A. Quarter-turn valve.
B. Half-turn valve.
C. Indicating valve.
D. Non-indicating valve.
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4. If the water supply is a common domestic/sprinkler supply, any control 
valve must be arranged to shut off both the domestic and sprinkler water 
supply, or have supervisory alarms. 

 
Reduces possibility of inadvertent shut-off. 

 

CONTROL VALVES (cont’d)
• Multipurpose 

sprinkler system 
may not have 
control valve 
unless:
– Electronically 

supervised.
– Locked in open 

position.
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5. Sprinkler system piping may not have a separate control valve unless it is 

supervised by: 
 

a. Alarm to central, proprietary or remote station service. 
 

b. Local alarm that sounds at a constantly attended location. 
 

c. Valves are locked in the open position. 
 

CHECK VALVES
Allows water flow in one direction only.
• Found in water meters and other cross-

contamination control devices.
• Not required by standards 

unless connected to potable 
system and antifreeze is 
used.
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6. A check valve is a directional valve that allows the flow of water in only 

one direction. The flow direction is indicated with an arrow embossed on 
the valve housing. 
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a. Check valves may be used to isolate portions of pipe. 
 

b. Generally, check valves are used in water meter assemblies or as 
part of cross-contamination control between static water in a 
sprinkler pipe and potable water for domestic use. 

 
- Cross-contamination control is not a requirement of the 

NFPA sprinkler standards, but is left to the discretion and 
regulations of the water purveyor having jurisdiction on the 
supply. 

 
-- Cross-contamination control is not required on 

stored water supplies that serve only the fire sprinkler 
system. 

 
- Cross-contamination control is required when a sprinkler 

system designed in accordance with International 
Residential Code (IRC) P2904 is connected to a potable 
supply and the sprinkler system has a Fire Department 
Connection (FDC). 

 
-- If the system contains chemical additives and is 

connected to a nonpotable secondary water supply, 
the potable water supply shall be protected against 
backflow by a reduced pressure principle backflow 
preventer. 

 
-- If chemical additives are added to only a portion of 

an automatic fire sprinkler (e.g., attic or unheated 
garage), the reduced pressure principle backflow 
preventer may be located where it isolates only that 
part of the system. 

 
-- The design and type of cross-contamination control 

is at the discretion of the water purveyor having 
jurisdiction on the supply. 
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DRAIN AND TEST APPARATUS
• All systems shall have a 

drain valve.
– Should drain to adequate 

location to handle water 
discharge.
-- Water discharge flows 

back into tank for stand-
alone systems.
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C. Drain valves, test valves and assemblies. 

 
1. Sprinkler systems shall have a drain located on the system side of the control 

valve. 
 

a. Purpose is to drain the system for maintenance and sprinkler 
replacement. 

 
b. Drain shall be at least 1 inch in diameter for NFPA 13R design 

systems. Size not specified for NFPA 13D or IRC P2904 systems. 
 

c. One-half-inch drain permitted for trapped portions of dry pipe 
systems that are subject to freezing in NFPA 13R. Size not specified 
for NFPA 13D or IRC P2904 systems. 

 
d. Drain must have a control valve (can be non-indicating). 

 
e. No specific requirement for where water can be drained. It is 

recommended that it drain to the outdoors or a large capacity floor 
drain. If a drain valve is used to test the water flow alarm on a stand-
alone system, it must drain back into the storage tank. 

 
2. NFPA 13R systems require a test connection to verify the adequacy of the 

water supply, as well as to test the required local water flow alarm. 
 

a. The test connection must have at least a 1-inch diameter and have a 
control valve (may be non-indicating). 

 
b. Combination drain and test assemblies are permitted. Where both 

are installed, a separate test valve is not required. 
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DRAIN AND TEST APPARATUS 
(cont’d)

• May be combined with flow test valve, if 
water flow alarm is provided.
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3. Where water flow alarms are provided on NFPA 13D and IRC P2904 

designs, inspector’s test connections should be installed at locations that 
allow flow testing of water supplies, connections and alarm mechanisms. 

 
a. The inspector’s test connection orifice will be equal to or smaller 

than the smallest sprinkler installed in the system if sprinklers have 
a K-factor smaller than 5.6. 

 
b. Verify sprinkler size from the sprinkler manufacturer’s catalog or 

technical bulletin. 
 

c. Some water flow test assemblies are included as a combination “test 
and drain” apparatus. 

 

PRESSURE GAUGES
• NFPA 13D and 

International 
Residential Code 
(IRC) P2904 do not
require one on wet 
pipe.
– Air pressure gauge

required on dry 
pipe and/or pressure
tank systems.
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D. Pressure gauges (water). 

 
1. NFPA 13D and IRC P2904 do not require water pressure gauges on wet 

pipe systems. 
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a. NFPA 13D requires an air pressure gauge on dry pipe systems. 
 

b. Where a pressure tank is used for water supply, a pressure gauge is 
required to indicate tank pressure. 

 

PRESSURE GAUGES (cont’d)
• NFPA 13R, Standard for

the Installation of 
Sprinkler Systems in 
Low-Rise Residential 
Occupancies: on 
supply and 
system sides 
of main 
control valve.
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2. NFPA 13R requires a pressure gauge on the supply side and system side of 

the main control valves. Pressure gauges are used for visual checks of 
system status and to evaluate water supply performance during main drain 
tests. 

 

KNOWLEDGE CHECK
What do NFPA 13D and IRC P2904 require 
on dry pipe systems but not on wet pipe 
systems?

A. Control valve.
B. Check valve.
C. Pressure gauge.
D. Water flow alarm.
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SUPERVISORY/WATER FLOW
• Supervisory not required when combined 

domestic/fire service.
• NFPA 13D/IRC P2904 

do not require water 
flow if building is 
provided with smoke 
detection.
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E. Supervisory and water flow alarms/switches. 

 
1. NFPA 13R, 13D and IRC P2904 do not require supervisory (tamper) alarms 

if the domestic and sprinkler systems are supplied by the same source. 
 

2. If a separate sprinkler control valve is provided, it must be supervised by: 
 

a. Alarm to central, proprietary or remote station service. 
 

b. Local alarm that sounds at a constantly attended location. 
 

c. Valves are locked in the open position. 
 

3. NFPA 13D does not require a water flow alarm/switch if dwelling units are 
provided with smoke alarms or detectors in accordance with NFPA 72, 
National Fire Alarm and Signaling Code®. 

 
4. IRC does not require a water flow alarm/switch. Smoke alarm installation 

requirements are included in other parts of the code. 
 

SUPERVISORY/WATER FLOW 
(cont’d)

• NFPA 13R requires
water flow alarm.
– If building has fire 

alarm system, it 
shall be connected.
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SUPERVISORY/WATER FLOW 
(cont’d)

Riser diagram: Tyco 513 D/R
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5. NFPA 13R requires a local water flow alarm/switch. 

 
a. If the building has a fire alarm system, a local water flow alarm must 

be connected to it. 
 

b. Water flow alarm switch installation must be downstream of the 
main control valve. A water flow alarm, unless part of a listed 
assembly, should be at least 24 inches downstream of the main 
control valve. 

 

ALARM
Alarm to notify occupants that water is 
flowing.
• Required only if no smoke alarms.
• Installed in accordance 

with NFPA® 72, National 
Fire Alarm and Signaling 
Code, and manufacturer’s 
specifications.

• Bell, siren or horn.
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FIRE DEPARTMENT 
CONNECTION

• Not required for NFPA 13D/IRC P2904.
• NFPA 13R.

– When building is accessible
to fire department.

– More than 2,000 square 
feet.

– More than one story.
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F. FDC. 

 
1. An FDC is not required for NFPA 13D or IRC P2904 design sprinkler 

systems. 
 

2. For NFPA 13R designs, at least one FDC is required on multifamily 
buildings that are: 

 
a. Accessible to the fire department. 

 
b. More than 2,000 square feet. 

 
c. More than one story in height. 

 
3. For 13R designs, the FDC shall be at least 1 1/2 inches in diameter and 

equipped with hose threads matching the local fire department standards. 
 

4. For NFPA 13 designs, the FDC shall be at least one inlet (2 1/2 inches in 
diameter) and equipped with hose threads matching the local fire 
department standards. Dual inlets are often preferred. 

 
A single inlet is permitted when riser size is 3 inches in diameter or less. 
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FIRE DEPARTMENT 
CONNECTION ARRANGEMENT
• Check valve 

direction.
• Located past control 

valves.
• Pressure test entire 

system to handle 
fire department 
pumping pressure.
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WATER METERS/BACKFLOW
• Not required as 

part of sprinkler 
design standards.
– Check with local 

water purveyor.
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G. Water meters and backflow prevention devices. 

 
1. Not required as part of sprinkler design standards. 

 
a. Left to the discretion and regulations of the water purveyor having 

jurisdiction on the supply. 
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WATER METERS/BACKFLOW 
(cont’d)

• Can have serious 
negative effect on 
water flow due to 
friction loss (as flow 
increases, so does 
friction loss).
– Meter manufacturer 

for loss values.
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b. Can have a serious negative effect on water flow due to friction loss 

through the meter. 
 

- This pressure loss is called “head” loss and varies by meter 
type, size and manufacturer. 

 
- Always refer to the manufacturer’s product literature 

(catalog “cut sheets” or technical bulletins) to identify the 
meter’s influence on flow. 

 
2. Remember that as flow increases, so does friction. 

 

WATER METER INFLUENCE 
(SAMPLE)
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Meter size 
(in.)

18
gpm

23
gpm

26
gpm

31
gpm

39
gpm

52
gpm

5/8 9 14 18 26 * *
3/4 4 8 9 13 * *
1 2 3 3 4 6 10

1 1/2 ** 1 2 2 4 7
2 ** ** ** 1 2 3

Pressure Loss (psi) in Various Meter Sizes

* Above maximum flow of commonly available meters.
** Less than one pound per square inch (psi).

From NFPA 13D.
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Pressure Loss (psi) in Various Meter Sizes 
 

Flow in GPM 
Meter size (in.) 18 13 26 31 39 52 

5/8 9 14 18 26 * * 
3/4 4 8 9 13 * * 
1 2 3 3 4 6 10 

1 1/2 ** 1 2 2 4 7 
2 ** ** ** 1 2 3 

*Above maximum flow of commonly available meters. 
**Less than 1 pounds per square inch (psi). 

 
 

WATER METER INFLUENCE 
(SAMPLE) (cont’d)
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Neptune Model T-10 5/8-inch domestic meter loss

 

  
  
  
  
  
  
  
  
  
  
  

 

KNOWLEDGE CHECK
True or false: Water meters are required as 
part of sprinkler design standards. Explain 
your answer.
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III. SPRINKLER SYSTEM DISTRIBUTION AND PIPING 
 

DISTRIBUTION PIPE
• May be one or a 

combination of:
– Black iron or steel.
– Type K, L or M copper.

• Plastic.
– Post-chlorinated 

polyvinyl chloride 
(CPVC).

– Cross-linked 
polyethylene (PEX).
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A. There are a variety of materials that can be used for sprinkler system distribution 

piping. The design and installation standards describe four major types, but new 
materials and technologies may be used if they are listed. 

 
1. Whatever piping material is selected, it is expected to be in compliance with 

the locally adopted plumbing code, especially if the system combines 
potable and fire protection supplies. 

 
2. The materials described here may be used for underground supply, as well 

as aboveground distribution piping. 
 

3. Pipe diameter sizes will be established by the sprinkler system’s hydraulic 
demand. 

 

BLACK IRON OR STEEL
• Schedule 40, 30,

10, 7 or 5.
• May be installed 

exposed.
– Typical unfinished 

basement.
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B. Black iron or steel. 
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1. Allowed in NFPA 13, 13D and 13R designs; not recognized in the scope of 
IRC P2904 systems. 

 
Used for wet, dry or preaction systems. 

 
2. Does not have to be listed if it meets specific ASTM material and dimension 

standards outlined in the standards. 
 

3. Pipe sizes range from 3/4 inch to 2 inches in diameter, depending on system 
design. 

 
4. May be welded, threaded or grooved for joining pipe sections. 

 
a. NFPA 13D allows Schedule 10 steel pipe to be joined with 

mechanical grooved couplings. 
 

b. NFPA 13R prohibits cut grooves for fittings on pipe less than 
Schedule 30 thickness and 8 inches or larger in diameter. 

 
c. NFPA 13R prohibits cut grooves for fittings on pipe less than 

Schedule 40 thickness and less than 8 inches in diameter. 
 

COPPER
• Types K, L, M.

– IRC P2904 (prescriptive method) 
recognizes type M only.

• May be installed exposed.
– Typical unfinished 

basement.
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C. Types K, L and M copper. 

 
1. Allowed in NFPA 13, 13D, 13R and IRC P2904 systems. 

 
a. Wet pipe, dry pipe or preaction systems. 

 
b. IRC P2904 recognizes only type M copper when using the 

prescriptive design option that will be explained in Unit 5: Verifying 
Sprinkler Coverage and Hydraulic Design. 
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2. Does not have to be listed if it meets specific ASTM material and dimension 
standards outlined in the standards. 

 
a. Type K copper has the thickest wall dimensions and is used 

predominantly in underground burial. 
 

b. Type L is for general purpose use. 
 

c. Type M has the thinnest walls and is used for drainage and other 
low-pressure applications. Some plumbing codes do not permit type 
M. 

 
3. Pipe sizes range from 3/4 inch to 2 inches in diameter, depending on system 

design. 
 

4. Joints on wet pipe systems shall be soldered or brazed. Joints on dry pipe 
and preaction systems shall be brazed. 

 

CHLORINATED POLYVINYL 
CHLORIDE

• Generally sized 3/4 
to 1 1/2 inch.

• Permitted to be 
installed on a 
smooth, flat, 
horizontal ceiling.
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D. CPVC. 

 
1. Allowed in NFPA 13, 13D, 13R and IRC P2904 systems. 

 
a. Wet pipe systems only. 

 
b. Always verify compatibility with other construction products. (See 

Appendix B: Identified Compatibility Problems with CPVC Pipe in 
this unit.) 
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CHLORINATED POLYVINYL 
CHLORIDE (cont’d)

• Sprinkler protection.
– Special cases (solid wood joists and quick 

response sprinklers (QRSs)).
– Refer to manufacturer’s literature.
– Changing conditions and listings.
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2. Must be installed in accordance with their listings and manufacturer’s 

installation requirements. 
 

3. Does not have to be listed for fire sprinkler service if it meets specific 
ASTM material and dimension standards outlined in the standards that 
apply to fire protection service. 

 

CHLORINATED POLYVINYL 
CHLORIDE (cont’d)

• Shall have a thermal barrier.
– 3/8-inch wallboard.
– 1/2-inch plywood gypsum veneer.
– Suspended membrane ceiling with lay-in 

panels or tiles having a minimum weight of 
not less than 0.35 pounds per square foot.
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4. Compatibility issues. 

 
Numerous issues have been identified with incompatible materials and their 
effect on CPVC. Always refer to manufacturer’s installation instructions for 
guidance. 
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CROSS-LINKED 
POLYETHYLENE

• Size ranges from 1/2 to 2 inches.
• Intended for network combination 

systems.
– Must meet National Sanitation Foundation 

(NSF) potability standards.
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CROSS-LINKED 
POLYETHYLENE (cont’d) 

– Suspended 
membrane ceiling 
with lay-in panels 
or tiles having a 
minimum weight of 
no less than 0.35 
pounds per square 
foot.

Slide 3-34  

  
  
  
  
  
  
  
  
  
  
  

 
E. Cross-linked polyethylene (PEX). 

 
1. Allowed in NFPA 13D and IRC P2904 systems. Wet pipe systems only, 

and is listed only for multipurpose systems. 
 

Stand-alone systems require another pipe material: black iron, copper or 
CPVC. 

 
2. Must be installed in accordance with their listings and manufacturer’s 

installation requirements. 
 

Multipurpose pipe must be listed for potable water in accordance with the 
National Sanitation Foundation (NSF). 

 
3. Pipe sizes range from 1/2 inch to 2 inches in diameter, depending on system 

design. 
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4. Connected to the cold-water distribution in network or looped combination. 
When connected to the source of both domestic and fire protection water, 
must meet NSF standards for potability. 

 
F. New products. 

 
1. The marketplace is always developing new products, and it is essential that 

code officials remain aware of the changes. 
 

2. Pressure-rated polypropylene has been approved by Factory Mutual (FM) 
Global for light hazard, wet pipe sprinkler systems but is not yet listed by 
Underwriters Laboratories (UL). 

 

KNOWLEDGE CHECK
True or false: Copper pipes can be installed 
exposed. Explain your answer.
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ACTIVITY 3.1 
 

Identifying Residential Sprinkler System Components 
 
Purpose 
 
Identify specific fire sprinkler components on a drawing. 
 
 
Directions 
 
Part 1 
 
Working in small groups, refer to the Purple House sprinkler system drawings and identify 
where the following components are shown. If none exists, strike a line through the component 
name on the list. 
 
• Main control valve:   
 
• Drain valve:   
 
• Flow test valve:   
 
• Pressure gauge:   
 
• Water flow switch:   
 
• Check valve:   
 
Part 2 
 
Answer the following question: What materials are used for the sprinkler distribution pipe and 
fittings? 
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ACTIVITY 3.2 
 

Identifying Head-Loss Values Caused by Domestic Water Meters 
 
Purpose 
 
Identify head-loss values caused by representative domestic water meters. 
 
 
Directions 
 
Working in small groups, refer to the sample flow characteristic curves from the samples 
provided. For each manufacturer, provide the head-loss value at the corresponding flow in 
gallons per minute (gpm). 
 

Manufacturer Model Size Flow in gpm Head Loss in psi 
Hersey 400 Series IIS 5/8 inch 15  
Jerman DLJ 100 1 inch 45  
Jerman DLJ 75 3/4 inch 25  
Neptune T-10 3/4 inch 23  
Jerman DLJ 50 1/2 inch 15  
Neptune T-10 5/8 inch 10  
Hersey 400 Series IIS 1 inch 40  
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QUICK COMPARISON

Slide 3-38

NFPA 13 NFPA 13R NFPA 13D/IRC P2904

Scope All occupancies Group R to four stories 
and 60 feet in height

One- and two-family 
townhouses

Coverage Entire building Occupied spaces Occupied spaces

Sprinkler design

Control mode, pipe 
schedule, hydraulic 

design, 
minimum 0.1 gallons per 
minute (gpm)/square foot

Life-safety control mode, 
four-head design, or
0.05 gpm/square foot

Life-safety control 
mode, two-head 
design, or 0.05 

gpm/square foot

Sprinklers

All approved types, 
residential in dwelling 

unit and adjacent 
corridor

Residential in dwelling 
unit and adjacent corridor, 

other approved types 
elsewhere

Residential in dwelling 
unit, other approved 

types elsewhere

Water demand System, plus 100 to 500 
gpm ± 52 gpm ± 26 gpm

Duration
Fire Department 
Connection 
(FDC)

 

  
  
  
  
  
  
  
  
  
  
  

 
 
IV. SUMMARY 
 

SUMMARY
• Sprinkler system types include wet pipe, 

dry pipe and preaction.
– Antifreeze is a wet pipe system.

• Residential sprinkler system components 
include water supply control valves, drain 
valves, test valves and assemblies, 
pressure gauges, alarms/switches, FDC, 
and water meters.
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SUMMARY (cont’d)
• Sprinkler system distribution and piping 

includes black iron or steel; copper, types 
K, L and M; CPVC; PEX; and new 
products.
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APPENDIX A 
 
 

DOMESTIC WATER METER EXEMPLARS 
 
  



PIPE, VALVES AND TRIM 

SM 3-34 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 
  



PIPE, VALVES AND TRIM 

SM 3-35 

 



PIPE, VALVES AND TRIM 

SM 3-36 

 



PIPE, VALVES AND TRIM 

SM 3-37 

 



PIPE, VALVES AND TRIM 

SM 3-38 

 



PIPE, VALVES AND TRIM 

SM 3-39 

 



PIPE, VALVES AND TRIM 

SM 3-40 

 



PIPE, VALVES AND TRIM 

SM 3-41 

 
 



PIPE, VALVES AND TRIM 

SM 3-42 

 
 



PIPE, VALVES AND TRIM 

SM 3-43 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 
 

IDENTIFIED COMPATIBILITY PROBLEMS WITH 
CPVC PIPE 

 
  



PIPE, VALVES AND TRIM 

SM 3-44 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 
  



PIPE, VALVES AND TRIM 

SM 3-45 

Identified Compatibility Problems with CPVC Pipe 
 

Source: Harvel Blazemaster 
 
Thread Sealants: Some thread paste sealants contain solvents, oils or other chemical additives 
that can cause damage to CPVC. Only compatible thread sealants and tapes should be used with 
CPVC.  
 
Fire Stop Materials: Some fire stop sealants contain solvents, plasticizers or other chemical 
additives that can cause damage to CPVC. Only compatible fire stop materials should be used with 
CPVC. 
 
Antifreeze Solutions: DO NOT USE GLYCOL BASE ANTIFREEZE SOLUTIONS. The use of 
improper antifreeze solutions such as ethylene glycol, propylene glycol and/or contaminated 
glycerin solutions can cause stress cracking of CPVC resulting piping system failure. Antifreeze 
solutions of U.S.P. or C.P. grade GLYCERIN are acceptable for use with CPVC fire sprinkler 
products.  
 
Soldering/Hot Work: Soldering of metallic components in close proximity to CPVC piping will 
cause damage to CPVC piping systems. Direct contact with heat (open flame), solder, and 
soldering flux is not recommended. These types of products should be isolated from direct contact 
with CPVC piping products. CPVC contact with solder flux can cause cracks, leaks and breaks in 
the piping system. Any CPVC pipe or fittings that have solder flux on them (as identified by 
staining or discoloration of the pipe and fittings) should be removed and replaced with new CPVC 
materials. 
 
Flexible Wire: Direct contact with flexible wire and cable should be avoided as the insulation for 
the wire and cable can contain plasticizers that can cause CPVC piping systems to crack, leak or 
break. The finished installation should be inspected to verify that the fire sprinkler system is not 
being used to support wire or cable, and that runs of wire and cable have not been pulled over the 
installed CPVC system. Additionally, the CPVC piping systems should not be supported with 
electrical cable or flexible wiring, and all hanger support recommendations should be followed. 
 
Steel Pipe Transitions: Transitions from steel pipe to CPVC pipe can be made through a variety 
of methods such as threaded, flanged, and grooved transition components. Occasionally, the steel 
pipe may contain residual oils that were used to aid in the metal cutting process. Some of the oils 
used for this purpose may be incompatible with CPVC. These cutting oils should be removed from 
the steel pipe prior to connecting to CPVC pipe by fully cleaning the inside and outside of the pipe 
before it is assembled in the fire sprinkler system. Care should be taken when selecting cleaning 
agents to avoid further contamination of the pipe with such elements as surfactants. If cutting oil 
is used consult with the manufacturer of the cutting oil for a specific recommendation as to 
compatibility with CPVC.  
 
Antimicrobial Coatings on Metallic Piping: Recently concerns have been raised regarding the 
use of certain antimicrobial coatings found on some steel pipe. Recent information indicates that 
certain antimicrobial coatings contain environmental stress cracking agents that can be detrimental 
to CPVC. 
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In addition, the use of aftermarket antimicrobial coatings shall not be used to apply to untreated 
steel pipe that is used in conjunction with CPVC, unless that coating has also proven to be 
compatible with CPVC. 
 
Paint: Oil or solvent-based paints may be chemically incompatible with CPVC. Water-based 
acrylic or latex paint is the preferred paint to use on CPVC pipe and fittings. Approval from the 
Authority Having Jurisdiction shall be obtained prior to covering/painting the markings on the 
product (i.e. product identification, listing marks, etc.) and to change color of the pipe and fittings 
from its identifiable orange. 
 
Polyurethane (Spray-On) Foams: The chemical compatibility of polyurethane foams with 
CPVC is currently under investigation by CPVC material suppliers. This process may take some 
time to complete. Therefore, at this time, we cannot say whether such products are compatible 
with CPVC. In addition to a potential chemical compatibility concern, it is known that when 
polyurethane foams are not properly applied there is the potential for excess heat that can lead to 
ballooning of the pipe and a subsequent failure. Exothermic reactions can occur during application 
of the foam that can generate excessive heat causing softening and failure of the CPVC pipe. It is 
recommended that the CPVC pipe be isolated from direct contact with spray foam insulation until 
more definitive information becomes available. 
 
Cooking Oils and Grease: When CPVC pipe is installed in kitchen areas the pipe shall be 
protected from contact with grease or cooking oils. Certain cooking oils can cause the CPVC 
piping to crack, leak or break when applied to the piping system. Consideration shall be given to 
not only protecting the pipe from direct contact with cooking oils and/or grease, but also contact 
that may occur from airborne grease or oil from the environment such as cooking. Exposed piping 
in areas where CPVC pipe might come in contact with cooking oils and grease should be protected 
using a soffit system or with a complete coating of high quality water based paint that fully protects 
the piping system. 
 
Rubber and Flexible Materials: CPVC is typically not compatible with rubber and flexible 
plastic materials as these materials often contain certain types of plasticizers which when placed 
in contact with CPVC can cause the piping system to crack, leak or break. (Incompatible 
plasticizers include, but are not limited to, phthalates, adipates, trimellitates, dibenzoates, etc.) 
Incompatible rubber and flexible plastic materials can be found in hoses and tank linings and in 
the fluids that come in contact with them. 
 
Spray-On Coatings: Certain types of spray-on coatings that form a peelable film to protect 
fixtures during construction may be incompatible with CPVC. Care should be used to protect 
exposed piping from over-spray when this type of protective coating is applied. 
 
Termiticides and Insecticides: When performing installations underslab or where the presence 
of insecticides or termiticides is likely, care should be taken to isolate CPVC pipe from direct 
contact with large quantities (what is the quantity) of these chemicals. CPVC can be damaged 
when termiticides or insecticides are injected into the annular space between the pipe wall and 
sleeving material trapping the termiticide against the pipe wall. Termiticide applications per label 
instructions in an open-air environment, such as slab pretreat applications, should not pose a 
problem. However, puddling of termiticides on or near CPVC pipe may cause failures. In areas 
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https://www.lubrizol.com/CPVC/FBC-System-Compatible-
Program/System-Compatible-Product-Finder 

where puddling is more likely, such as areas near tub boxes and retreat applications, extra care 
should be taken to avoid puddling of termiticides. Before using an insecticide or termiticide, be 
sure to consult the manufacturer’s installation guide for proper application instructions.  
 
Mold Abatement and Fungicides: Building restoration projects used to repair water damage 
often include the use of mold abating products such as fungicides. These products can damage 
CPVC piping systems and can cause cracks, leaks, or breaks in the system. When performing 
repairs or modifications care should be taken to isolate the CPVC piping system from direct contact 
with fungicide products. When repairs are made to an existing system, and the possibility exists 
that fungicides will be applied to treat damp drywall and wood framing surrounding the repair site, 
exposed piping should be sleeved with a compatible plastic sleeves or pipe insulation material to 
prevent direct contact of the fungicide with the CPVC piping system. 
 
For more information, refer to the Lubrizol site at: 
 
 
 
  

https://www.lubrizol.com/CPVC/FBC-System-Compatible-Program/System-Compatible-Product-Finder
https://www.lubrizol.com/CPVC/FBC-System-Compatible-Program/System-Compatible-Product-Finder
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APPENDIX C 
 
 

CORROSION ISSUES WITH METALLIC PIPE AND 
TUBE 
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Corrosion Issues with Metallic Pipe and Tube 
 
Corrosion is the chemical or electrochemical reaction between a material, usually a metal, and its 
environment that produces a deterioration of the material and its properties. 
 
Microbiologically influenced corrosion (MIC) is corrosion brought about by the presence and/or 
activities of microorganisms in biofilms on the surface of the corroding material. These 
microorganisms can influence corrosion by effects such as differential aeration cells or the 
production of corrosive species, such as mineral and organic acids, ammonia, and the reduction of 
sulfate to sulfide. 
 
Electrochemically influenced corrosion is corrosion that occurs on contact with water (and 
moisture in the air), acids, bases, salts, oils, aggressive metal polishes, and other solid and liquid 
chemicals. Metals will also corrode when exposed to gaseous materials like acid vapors, 
formaldehyde gas, ammonia gas and sulfur-containing gases. 
 
Galvanic corrosion is accelerated corrosion of a metal because of an electrical contact with a 
more noble metal (or nonmetallic conductor in a corrosive electrolyte). A “noble metal” is a metal 
with a standard electrode potential that is more noble (positive) than that of hydrogen, including 
ruthenium, rhodium, palladium, silver, osmium, iridium, platinum and gold. 
 
The resistance of all grades of copper to atmospheric corrosion is good. The metal develops 
adherent protective coatings, initially of oxide, but subsequently thickening to give a familiar green 
patina on roofs and the dark brownish color of bronze statuary. 
 
Copper is largely unaffected by potable water, so it is widely used for tubes carrying domestic and 
industrial water. 
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RESIDENTIAL SPRINKLER PLAN REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 4: 
SPRINKLERS AND SPRINKLER LAYOUT 
 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
4.1 Evaluate the residential sprinkler system’s overhead pipe, sprinklers and design for compliance with national 

standards and codes. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
4.1 Evaluate pipe configurations used for water distribution. 
 
4.2 List where the national standards permit omissions from sprinkler coverage. 
 
4.3 Describe the following distribution arrangements: tree, grid, loop and network. 
 
4.4 Differentiate the type and location of sprinkler pipe hangers and restraints, as well as sprinkler types and 

Sprinkler Identification Numbers (SINs). 
 
4.5 Explain the requirements for thermal protection for nonmetallic pipe and the different performance 

characteristics between property protection and residential sprinklers. 
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UNIT 4:
SPRINKLERS AND 

SPRINKLER LAYOUT
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TERMINAL OBJECTIVE
Evaluate the residential sprinkler system’s 
overhead pipe, sprinklers and design for 
compliance with national standards and 
codes.
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ENABLING OBJECTIVES
• Evaluate pipe configurations used for 

water distribution.
• List where the national standards permit 

omissions from sprinkler coverage.
• Describe the following distribution 

arrangements: tree, grid, loop and 
network.
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ENABLING OBJECTIVES 
(cont’d)

• Differentiate the type and location of 
sprinkler pipe hangers and restraints, as 
well as sprinkler types and Sprinkler 
Identification Numbers (SINs).

• Explain the requirements for thermal 
protection for nonmetallic pipe and the 
different performance characteristics 
between property protection and residential 
sprinklers.
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I. SPRINKLER SYSTEM LAYOUT 
 

A. The types of configurations include tree, grid, looped and networked. 
 

SYSTEM LAYOUTS
• Tree.
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Plan view.

 

  
  
  
  
  
  
  
  
  
  
  

 
1. Tree. 

 
Single-feed main that distributes water to the system through progressively 
smaller cross mains and branch lines, usually terminating with sprinklers on 
a dead-end pipe. 
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SYSTEM LAYOUTS (cont’d)
• Grid.

Slide 4-6

Plan view.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. Grid. 

 
a. Parallel cross mains are connected by multiple branch lines. 

 
b. Branch lines are generally all the same size. 

 

NETWORK OR LOOPED
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3. Loop. 

 
a. Multiple cross mains are tied together to provide more than one path 

of water flow to operating sprinklers. 
 

b. Branch lines are not tied together but usually terminate with 
sprinklers on a dead-end pipe. 

 
  



SPRINKLERS AND SPRINKLER LAYOUT 

SM 4-6 

NETWORK SYSTEM
• AquaSAFE™.
• Network.

– Greater than or 
equal to 1/2-inch 
cross-linked 
polyethylene 
(PEX).
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4. Network (National Fire Protection Association (NFPA) 13D, Standard for 

the Installation of Sprinkler Systems in One- and Two-Family Dwellings 
and Manufactured Homes). 

 
a. A combination system, which supports both the domestic water 

supply and the sprinkler system, where each sprinkler is supplied by 
a minimum of three separate paths: 

 
- One goes back to home run. 

 
- One 1/2-inch connection between sprinklers. 

 
b. The premier characteristic of a combination system is that water 

constantly flows throughout the system, generally eliminating the 
need for cross-contamination control. 

 
- International Residential Code (IRC) P2904 specifically 

states no cross-contamination control is needed on a 
combined domestic fire system if no antifreeze is used. 

 
c. Network designs tend to be proprietary. 

 
- The materials and design are under the control of the product 

manufacturer. 
 

- The system shall be installed precisely as the manufacturer 
requires, often by specially trained personnel. 

 
- Currently, popular network designers include: 

 
-- Kwench systems. 
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-- Uponor AquaSAFE™ systems. 
 

HANGERS
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B. Pipe hangers and restraints. 

 
1. Hangers are an integral part of the system to prevent routine pipe movement 

or vertical displacement when a sprinkler operates. 
 

a. Strict requirements of NFPA 13, Standard for the Installation of 
Sprinkler Systems, do not apply since most residential pipe sizes 
range from 3/4 inch to 2 inches. 

 
b. Dynamic and static loads caused by water flow are less in smaller 

pipe than larger systems designed in accordance with NFPA 13. 
 

HANGER SPACING 
REQUIREMENTS

Hangers prevent routine pipe movement or 
vertical displacement when sprinkler operates.
• Black iron/steel: one hanger per pipe 

section.
• Copper: Follow the plumbing code.
• Nonmetallic: Follow the manufacturer’s 

guidelines.
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c. Not only do hangers support the weight of the water-filled pipe, they 

hold the pipe in place when it reacts to water flow from the 
sprinklers. 
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2. Listed pipe shall be supported in accordance with listing requirements and 
manufacturer’s installation requirements. 

 
3. Unlisted pipe, or listed pipe that does not include piping support 

requirements, shall be supported from the structure in accordance with local 
plumbing codes. 

 

KNOWLEDGE CHECK
What distribution arrangement uses parallel 
cross mains that are connected by multiple 
branch lines?

A. Tree.
B. Grid.
C. Loop.
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THERMAL BARRIERS
• A thermal barrier is required due to 

engineered wood joists.
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C. Thermal protection for nonmetallic pipe (chlorinated polyvinyl chloride (CPVC)), 

polybutylene (PB) and cross-linked polyethylene (PEX). 
 

1. Nonmetallic pipes shall generally have a thermal barrier between the 
occupied space and the pipe. This is intended to protect the pipe from flame 
impingement or heat long enough for the sprinklers to operate and cool the 
thermal plume. 

 
Exceptions exist for some rigid nonmetallic pipe under specific types of 
construction when the space is protected by automatic sprinklers. 
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2. PEX always requires thermal barriers on the walls and ceilings where it may 
be exposed to flame impingement or heat. 

 

THERMAL BARRIERS (cont’d)
• Sprinkler protection.

– Special cases.
– Refer to manufacturer’s literature.

Slide 4-13  

  
  
  
  
  
  
  
  
  
  
  

 
3. Always refer to the pipe manufacturer’s installation instructions for 

guidance. These can be downloaded from the manufacturer’s website. 
 

Where required, thermal barriers shall consist of one of the following 
options: 

 
a. Gypsum wallboard — 3/8 inch. 

 
b. Plywood veneer — 1/2 inch. 

 
c. Suspended membrane ceiling (T-bar grid) with lay-in panels, or tiles 

having a minimum weight of no less than 0.35 pounds per square 
foot, shall be hung on metallic supports. 

 

UNFINISHED BASEMENTS
• May be exposed if 

it uses solid wood 
joist construction.

• Follow 
manufacturer’s 
requirements.
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UNFINISHED BASEMENTS 
(cont’d)
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D. Special characteristics for dry pipe or dual interlock preaction systems. 

 
Pipe shall be pitched to low point for drainage. 

 
1. Branch lines at least 1/2 inch per 10 feet. 

 
2. Cross or feed mains at least 1/4 inch per 10 feet. 

 
3. For dry pipe systems using CPVC pipe, a thermal barrier is required, and 

the ambient temperature cannot be less than -20 F (-28.9 C). 
 

KNOWLEDGE CHECK
True or false: A sprinkler system may be 
exposed in an unfinished basement if it uses 
solid wood joints for construction. Explain 
your answer.
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II. RESIDENTIAL SPRINKLERS 
 

SPRINKLER LOCATIONS
To provide minimum level of life safety, 
sprinklers shall be installed in all normally
occupied portions of a dwelling unit.
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A. To provide a minimum level of life safety, sprinklers shall be installed throughout 

all normally occupied (where fires occur and have impacted life, with exceptions) 
portions of a dwelling unit. 

 

SPRINKLER LOCATIONS 
(cont’d)
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NFPA 13R AND 13D/IRC P2904
• The National Fire Protection Association 

(NFPA) and the International Residential 
Code (IRC) say sprinklers may be omitted 
from those areas where there is little 
statistical likelihood a fatal fire will start:
– Attics, garages, open attached porches and 

carports.
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B. National standards permit omissions from sprinkler coverage in: 
 

1. Attics, garages, open attached porches and carports. 
 

International Fire Code (IFC) and IRC require sprinklers beneath 
combustible decks in multifamily dwellings. 

 

NFPA 13R AND 13D/IRC P2904 
(cont’d)

– Bathrooms 55 square feet and less.
– Interior clothes closets, linen closets and 

pantries.
-- Less than 24 square feet.
-- Walls and ceilings are surfaced with 

noncombustible or limited-combustible materials.
-- With smallest dimension not greater than 3 feet 

(NFPA 13D, Standard for the Installation of 
Sprinkler Systems in One- and Two-Family 
Dwellings and Manufactured Homes, only).
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2. Bathrooms 55 square feet and less. 

 
3. Clothes closets, linen closets and pantries: 

 
a. Less than 24 square feet. 

 
b. Less than 3 feet in the smallest dimension. 

 

NFPA 13R AND 13D/IRC P2904 
(cont’d)

-- Exception to previous: closets containing heating 
or air-conditioning equipment, washers, dryers or 
water heaters.

– Penthouse equipment rooms, elevator 
machine rooms.

– Concealed spaces dedicated exclusively to 
and containing only dwelling unit ventilation 
equipment.
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4. Penthouse equipment rooms, elevator machine rooms. 
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5. Concealed spaces dedicated exclusively to and containing only dwelling 
unit ventilation equipment. 

 

NFPA 13R AND 13D/IRC P2904 
(cont’d)

• No sprinklers required in:
– Floor/Ceiling spaces.
– Elevator shafts.
– Crawlspaces.
– Other concealed spaces that are not used 

nor intended for living purposes and do not 
contain fuel-fired equipment.

– Exception: One sprinkler required in area of 
fuel-fired equipment.
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NFPA 13R AND 13D/IRC P2904 
(cont’d)

• Exception: When 
fuel-fired equipment 
is present, at least 
one quick-response 
intermediate 
temperature 
sprinkler shall be 
installed above it.
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6. Floor/Ceiling spaces, elevator shafts, crawlspaces and other concealed 

spaces that are not used nor intended for living purposes and do not contain 
fuel-fired equipment. 

 
Exception: In attics, crawlspaces and normally unoccupied spaces that have 
fuel-fired equipment, one quick response intermediate temperature (175 to 
225 F (79 to 107 C)) sprinkler is required over equipment but not throughout 
the rest of the space. 
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NFPA 13R AND 13D/IRC P2904 
(cont’d)

– Covered, unheated canopies at entrances/ 
exits as long as there is another means of 
egress from the dwelling unit.
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7. Covered, unheated canopies at entrances/exits as long as there is another 

means of egress from the dwelling unit. 
 

KNOWLEDGE CHECK
Where are sprinklers not required? (Select 
all that apply.)

A. Basements.
B. Concealed spaces not for living purposes.
C. Crawlspaces.
D. Concealed spaces that do not contain 

fuel-fired equipment.
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RESIDENTIAL SPRINKLERS
Control mode:
• Intended to control fire growth (prevent 

flashover) in the space where fire starts 
long enough for people to escape or allow 
suppression forces to conduct rescue and 
firefighting operations.
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C. Sprinklers in the dwelling unit shall be listed for residential applications. 
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1. Residential sprinklers are intended to control fire growth (flashover) in the 
space where fire starts. They are required in the dwelling unit portion of the 
building. 

 
2. Commercial-type sprinklers are intended to control a fire until the fire 

department arrives and extinguishes it. They should be used in dwelling 
areas not used for living purposes that may be sprinklered (e.g., attics, 
garages, attached storage spaces, retail stores, offices, etc.). 

 

RESIDENTIAL SPRINKLERS 
(cont’d)

• Shall be listed by Underwriters Laboratories 
(UL) or other agency for residential use.
– Bear mark “Residential Sprinkler” or “RES 

SPKR.”
– Operational range 135 to 170 F in most 

occupied spaces.
– May be exposed or concealed.
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3. Residential sprinklers are tested to Underwriters Laboratories (UL) 1626, 

Standard for Residential Sprinklers for Fire-Protection Service, to verify 
that they: 

 

RESIDENTIAL SPRINKLERS 
(cont’d)

• Response Time 
Index (RTI).

• Water distribution 
pattern.
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a. Operate within the requirements of their Response Time Index 

(RTI). 
 

b. Have operating temperature ranges: 
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- Ordinary temperature: 135 to 170 F (57 to 77 C). 
 

- Intermediate temperature: 175 to 225 F (79 to 107 C). 
 

c. Distribute water in a flat pattern to wet the walls and ceilings of the 
space where the fire occurs. 

 
4. Residential sprinklers may be used only on wet pipe systems unless 

specifically listed for others. 
 

5. Residential sprinklers should be installed only under smooth, flat ceilings 
unless their listing information allows different configurations. 

 

WATER DISTRIBUTION 
PATTERN
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Control mode:
property protection.

Control mode: 
residential.

Courtesy: Tyco Fire Suppression & Building Products.

 

  
  
  
  
  
  
  
  
  
  
  

 
6. Property protection sprinklers are tested to UL 199, Standard for Automatic 

Sprinklers for Fire-Protection Service, to verify that they distribute water 
in an umbrella-shaped pattern to spray water over the combustible 
materials in the space where the fire occurs. 

 

WATER DISTRIBUTION 
PATTERN (cont’d)

Property protection 
example.
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D. Manufacturer’s catalog information sheet. 
 

1. May also be called cut sheet, technical bulletin, product literature or similar 
name. 

 
2. Page one provides general product information. 

 
a. Manufacturer’s contact information. 

 
b. Sprinkler model number or name. 

 
c. General product description and application. 

 
- Short explanation of what the product is. 

 
- Limits on when and where the sprinkler may be installed. 

 
- Product characteristics, such as K-factor, orientation, 

concealment or accessories. 
 

d. Product warnings and limitations on use. 
 

KNOWLEDGE CHECK
Which water distribution pattern uses a cone 
shape to focus the water flow?

A. Property protection.
B. Residential.
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SPRINKLER IDENTIFICATION 
NUMBER

• Sprinkler manufacturer’s proprietary five-
or six-character identification for:
– Manufacturer.
– K-factor.
– Application (use).
– Response characteristics.
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e. Sprinkler Identification Numbers (SINs). 

 
- Sprinklers are identified by their SIN. 

 
- Since 2001, sprinkler manufacturers have used proprietary 

five- or six-character identification numbers. 
 

- The SIN indicates the manufacturer (usually the first letter), 
K-factor, application (use) and response characteristics. 

 

SPRINKLER IDENTIFICATION 
NUMBER (cont’d)

• Refer to manufacturer’s 
technical literature for 
guidance.
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3. Page two provides technical data pertaining to coverage areas, listing 

information and design criteria. 
 

a. Maximum coverage area. 
 

- Maximum coverage areas to assure water spray discharge 
pattern meets listing requirements. 
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SPRINKLER SPACING
Minimum distance between sprinklers

Slide 4-34

8.00 feet MINIMUM for residential sprinklers

6.00 feet MINIMUM for standard spray sprinklers

 

  
  
  
  
  
  
  
  
  
  
  

 
b. Maximum spacing. 

 
- Maximum straight line, point-to-point distances between 

sprinklers. 
 

- This ensures water-spray overlap. 
 

- Minimum flow and pressure requirements for various 
configurations. 

 

K-FACTOR
• Design of sprinkler 

head for flow.
• Range examples:

– 2.6 to 2.9 (3/8 inch).
– 4.0 to 4.4 (7/16 inch).
– 5.3 to 5.8 (1/2 inch).
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c. Design criteria. 

 
- Limits on system types. 

 
- Details for hydraulic design. 

 
- Obstructions and sensitivity factors. 
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4. Page three provides product illustration and installation details. 
 

5. Page four provides placement details in relation to beamed ceilings. 
 

6. Pages five and six illustrate beam and soffit obstructions and configurations. 
 

7. Page six includes details for the sprinkler fitter and how to care for and 
maintain the sprinklers, as well as providing warranty and ordering 
information. 

 

ORIENTATION/SYMBOLS
• Residential sprinklers may be installed 

upright, pendent or sidewall. Pendent may 
be concealed beneath listed cover plates.

• All sprinklers shall be installed in 
accordance with their listings.

• Refer to the manufacturer’s technical 
literature for guidance.
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E. Sprinkler orientation. 

 
1. Residential sprinklers may be installed upright, pendent or sidewall. 

Pendent may be concealed beneath listed cover plates. 
 

2. All sprinklers shall be installed in accordance with their listings. 
 

3. Refer to the manufacturer’s technical literature for installation guidance. 
 

ORIENTATION/SYMBOLS 
(cont’d)

• Sprinklers are symbolized on plans by 
circles or triangles.

• Circles = upright or pendent sprinklers.
• Triangles = sidewall sprinklers.

– The wider dimension is the flow direction.
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F. Sprinkler symbols. 
 

1. Sprinklers are typically identified on a set of plans by circles or triangles. 
 

a. Circles represent upright or pendent sprinklers. 
 

b. Triangles represent sidewall sprinklers. The wider dimension is the 
flow direction. 

 
2. Refer to the sprinkler legend on the plans for details pertaining to the type 

of sprinklers that will be installed. 
 

3. The sprinkler legend usually includes: 
 

a. Sprinkler symbol. 
 

b. Orifice size and/or K-factor. 
 

c. Operating temperature rating. 
 

d. Sprinkler orientation: upright, pendent, sidewall. 
 

e. Manufacturer, make and model. 
 

f. SIN. 
 

g. Response characteristics — residential or commercial. 
 

h. Number of the make and model to be installed. 
 

PLACEMENT DETAILS
• The sprinkler 

placement is 
based on the 
listing.
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G. Sprinkler placement. 
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1. Sprinklers that have been listed with specific positioning criteria are to be 
positioned in accordance with their listing. 

 

PLACEMENT DETAILS (cont’d)
• For residential sprinklers without specific 

positioning criteria:
– Pendent and upright: 1 to 4 inches from 

ceiling.
-- In closets no larger than 400 square feet, within 

18 inches of ceiling or highest ceiling level 
without regard to obstructions or minimum 
distances to the wall.

– Sidewall: 4 to 12 inches from ceiling.
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2. Residential pendent and upright sprinklers. 

 
a. Pendent and upright sprinklers that have not been listed with specific 

positioning criteria should be positioned so that the deflectors are 
within 1 to 4 inches from the ceiling. 

 
b. Pendent and upright sprinklers in closets are to be installed within 

18 inches of the ceiling in order to avoid obstructions near the 
ceiling. 

 
3. Residential sidewall sprinklers that have not been listed with specific 

positioning criteria should be positioned so that the deflectors are 4 to 12 
inches from the ceiling. 

 
4. In basements where ceilings are not required for the protection of piping, or 

where metallic pipe is installed, residential sprinklers shall be permitted to 
be positioned in a manner that anticipates future installation of a finished 
ceiling. 

 
5. Nonresidential sprinklers shall be positioned in accordance with the 

positioning criteria specified by NFPA 13. 
 
  

http://codesonline.nfpa.org/a/c.ref/NFC13/book
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KNOWLEDGE CHECK
The SIN identifies which of the following? 
(Select all that apply.)

A. Application.
B. Manufacturer.
C. Response characteristics.
D. K-factor.
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OBSTRUCTIONS
• Noncontinuous:

– Hanging light 
fixtures.

– Ceiling fans.
• Continuous:

– Cabinets.
– Beams.
– Soffits.
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6. Obstructions. 

 
a. Obstructions in the ceiling create challenges that can dramatically 

affect system performance and water-spray discharge patterns. 
 

- Obstructions are categorized as noncontinuous or 
continuous. 

 
- Noncontinuous include items such as hanging light fixtures, 

ceiling fans and chandeliers. 
 

- Continuous include cabinets, beams and soffits. 
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OBSTRUCTIONS (cont’d)
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PENDENT: NONCONTINUOUS
Pendent: minimum 3 feet from center of 

obstruction.
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b. Pendent sprinklers shall be located at least 3 feet away from 

obstructions, such as ceiling fans and light fixtures. 
 

- The distance shall be measured from the center of the 
sprinkler to the center of the obstruction. 

 
- Where the area of the fan blades encompasses more than 

50% of the area of the plan view, an additional sprinkler shall 
be located on the other side of the obstruction. 

 
- Where the sprinkler cannot be located 3 feet away from the 

obstruction (as measured from the center of the obstruction), 
an additional sprinkler shall be located on the other side of 
the obstruction. 

 
  



SPRINKLERS AND SPRINKLER LAYOUT 

SM 4-25 

CLOSETS
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- In all closets not larger than 400 cubic feet, including those 

closets housing mechanical equipment, a single sprinkler at 
the highest ceiling space in the closet shall be sufficient 
without regard to obstructions. 

 

SIDEWALL: NONCONTINUOUS
Sidewall: minimum 5 feet from center of 

obstruction.
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c. Sidewall sprinklers shall be located at least 5 feet away from 

obstructions, such as ceiling fans and light fixtures. 
 

- The distance shall be measured from the center of the 
sprinkler to the center of the obstruction. 

 
- Where the area of the fan blades encompasses more than 

50% of the space area of the plan view, an additional 
sprinkler shall be installed on the other side of the 
obstruction. 
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- Where the sprinkler cannot be located 5 feet away from the 
obstruction (as measured to the center of the obstruction), an 
additional sprinkler shall be installed on the other side of the 
obstruction. 

 

KNOWLEDGE CHECK
Identify all continuous obstructions. (Select 
all that apply.)

A. Soffits.
B. Ceiling fans.
C. Cabinets.
D. Beams.
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CONTINUOUS OBSTRUCTIONS
Deflector position for obstructions.
• A/B rule.
• Maximum distance above 

obstruction.
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d. Continuous obstructions. 

 
- Sprinklers shall be positioned so the water spray will not be 

compromised. 
 

- NFPA 13D uses tables to determine: 
 

-- Distance from the sprinkler to the nearest side of the 
obstruction (A). 

 
-- Maximum allowable distance of deflector above 

bottom of obstruction (B). 
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CLEARANCE ABOVE 
OBSTRUCTION

Slide 4-48

A B

Less than 12 inches 0 

12-18 2 1/2

18-24 3 1/2

24-30 5 1/2

30-36 7 1/2

36-42 9 1/2

42-48 12

48-54 14

54-60 16 1/2

66-72 18

“A”

“B”

From NFPA 13, Standard for the Installation of Sprinkler Systems. Illustration only: 
Varies by sprinkler type.

 

  
  
  
  
  
  
  
  
  
  
  

 
 

Distance from Sprinklers to 
Side of Obstruction (A) 

Maximum Allowable Distance 
of Deflector Above Bottom of 

Obstruction (B) (inches) 
Less than 1 ft. 0 
1 ft. to less than 1 ft. 6 in. 0 
1 ft. 6 in. to less than 2 ft. 1 
2 ft. to less than 2 ft. 6 in. 1 
2 ft. 6 in. to less than 3 ft. 1 
3 ft. to less than 3 ft. 6 in. 3 
3 ft. 6 in. to less than 4 ft. 3 
4 ft. to less than 4 ft. 6 in. 5 
4 ft. 6 in. to less than 5 ft. 7 
5 ft. to less than 5 ft. 6 in. 7 
5 ft. 6 in. to less than 6 ft. 7 
6 ft. to less than 6 ft. 6 in. 9 
6 ft. 6 in. to less than 7 ft. 11 
7 ft. and greater 14 

Used with permission from NFPA 13D and 13R, Copyright 2019 
National Fire Protection Association. 
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CLEARANCE ABOVE 
OBSTRUCTION (cont’d)
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A B

Less than 
12 inches

0 

12-18 2 1/2

18-24 3 1/2

24-30 5 1/2

30-36 7 1/2

36-42 9 1/2

42-48 12

48-54 14

54-60 16 1/2

66-72 18

“A”

“B”

From NFPA 13. Illustration only: Varies by sprinkler type.

 

  
  
  
  
  
  
  
  
  
  
  

 

SOFFITS
If it is more than 
8 inches wide or a 
projection from the 
wall, install the 
sprinkler below the 
soffit.
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H. Soffits and cabinets. 

 
1. Where soffits exceed more than 8 inches in width or projection from the 

wall, sprinklers shall be installed under the soffit. 
 

CABINETS
• Sidewall sprinkler 

may be installed in 
soffit face directly 
above cabinets 
where soffit does 
not project more 
than 12 inches 
from wall.
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2. Sidewall sprinklers may be installed in the face of a soffit located directly 
over cabinets without requiring additional sprinklers below the soffit or 
cabinets where the soffit does not project horizontally more than 12 inches 
from the wall. 

 

CABINETS (cont’d)
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CABINETS (cont’d)
• If sidewall sprinkler is more 

than 36 inches above 
cabinets, it may be 
installed on wall where 
cabinet does not project 
more than 12 inches from 
wall.
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3. Where sidewall sprinklers are more than 3 feet above the top of cabinets, 

the sprinkler may be installed on the wall above the cabinets where the 
cabinets are not greater than 12 inches from the wall. 
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CABINETS (cont’d)
• NFPA 13D committee does 

not expect or require to 
have sprinklers installed 
under cabinets.
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KNOWLEDGE CHECK
What standard does not require sprinklers to 
be installed under cabinets?

A. NFPA 13.
B. NFPA 13R.
C. NFPA 13D.
D. IRC P2904.
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ORDINARY TEMPERATURE 
REQUIRED

• 135 to 170 F (57 to 77 C).
• Unless:

– Maximum ambient ceiling temperature 
is greater than 100 F (38 C).
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I. Use of ordinary temperature sprinklers (135 to 170 F (57 to 77 C)) is required 

throughout. 
 

1. Unless maximum ambient ceiling temperature is greater than 100 F (38 C). 
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INTERMEDIATE TEMPERATURE 
RANGES (175 to 225 F)

Heat Source Range (inches)
Fireplace, side of open or recessed 12 to 36

Fireplace, front of recessed 36 to 60

Coal or wood stove 12 to 42

Kitchen range top 9 to 18

Oven 9 to 18

Vent or chimney connector 9 to 18

Uninsulated heat duct 9 to 18

Uninsulated hot water pipe 6 to 12

Side of ceiling or wall warm air register 12 to 24

Front of wall warm air register 18 to 36

Water heater, furnace or boiler 3 to 6

Luminaire up to 250 watts 3 to 6

Luminaire 250 to 499 watts 6 to 12
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INTERMEDIATE 
TEMPERATURE REQUIRED

• Specific locations:
– Attics or glass/plastic 

skylights.
– Concealed spaces 

beneath roof.
– In range of heat-

producing equipment 
(NFPA 13D).
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INTERMEDIATE TEMPERATURE 
REQUIRED (cont’d)
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2. Specific locations: 

 
a. Attics. 
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b. Glass or plastic skylights. 
 

c. Concealed spaces directly beneath a roof. 
 

d. Within influence of heat-producing equipment listed in NFPA 13D. 
(See Appendix B: Distances from Heat-Producing Elements in this 
unit.) 

 

KNOWLEDGE CHECK
What is the intermediate temperature 
range?

A. 175 to 220 F.
B. 165 to 235 F.
C. 175 to 225 F.
D. 170 to 225 F.
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ACTIVITY 4.1 
 

Sprinkler Installation, Omissions and Configurations 
 
Purpose 
 
Identify locations where the sample drawings omit sprinkler protection, and identify sprinkler 
pipe configurations and details on a set of plans. 
 
 
Directions 
 
Refer to the Purple House drawings in Unit 1: Design and Installation Standards, Appendix A: 
Overall Plan for the Purple House Residential Sprinkler System, and answer the following 
questions. 
 
1. Where have sprinklers been omitted in accordance with national standards? 
 

  
 
  
 
  

 
2. How many sprinklers and what type of sprinklers are installed in the first-floor 

bathroom? 
 

  
 
  
 
  

 
3. How many and what type of sprinklers are installed in the second-floor bedroom nearest 

the riser at the top of the page? 
 

  
 
  
 
  

 
4. How many sprinklers are installed in the basement? 
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5. What is the temperature rating of the sprinklers installed in the kitchen? 
 

  
 
  
 
  

 
6. The layout of this sprinkler system is a: 
 

a. grid. 
b. tree. 
c. loop. 
d. network. 

 
7. The pipe used in this sprinkler system will be: 
 

a. iron. 
b. copper. 
c. CPVC. 
d. PEX. 

 
8. The basement is protected by a dry pipe system. 
 

a. True. 
b. False. 

 
9. On the 1-inch pipe employed in this system, the maximum spacing between hangers is: 
 

a. 12 feet. 
b. 10 feet. 
c. 6 feet. 
d. 3 feet, 9 inches. 

 
10. On the 1-inch pipe employed in this system, the maximum spacing between restraints and 

the last sprinkler on a branch line is: 
 

a. 9 inches. 
b. 12 inches. 
c. 16 inches. 
d. 24 inches. 
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QUICK COMPARISON

Slide 4-62

NFPA 13 NFPA 13R NFPA 13D/IRC P2904

Scope All occupancies Group R to four stories and 
60 feet in height

One- and two-family 
and townhouses

Coverage Entire building Occupied spaces Occupied spaces

Sprinkler design

Control mode, pipe 
schedule, hydraulic 

design, minimum 0.1 
gallons per minute 
(gpm)/square foot

Life-safety control mode, 
four-head design, or 0.05 

gpm/square foot

Life-safety control 
mode, two-head 

design, or 
0.05 gpm/square foot

Sprinklers
All approved types, 

residential in dwelling unit 
and adjacent corridor

Residential in dwelling unit 
and adjacent corridor, other 
approved types elsewhere

Residential in dwelling 
unit, other approved 

types elsewhere

Water demand System, plus 100 to 500 
gpm ± 52 gpm ± 26 gpm

Duration 30 to 120 minutes 30 minutes 7 to 10 minutes
Fire Department 

Connection 
(FDC)

Yes, with some exceptions Yes, if > 2,000 square feet or 
> one story Optional

 

  
  
  
  
  
  
  
  
  
  
  

 
 
III. SUMMARY 
 

• Sprinkler system configurations: tree, 
loop, grid and network.

• Permitted sprinkler omissions.
• Hangers and restraints.
• Residential sprinklers: difference with 

commercial sprinklers.

SUMMARY
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SPRINKLER PERFORMANCE 
CHARACTERISTICS 
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Sprinkler Performance Characteristics 
 
Sprinklers are divided into two categories; control mode and suppression mode. This 
categorization is determined by the mechanism by which sprinklers are intended to attack fires. 
 
Control mode sprinklers are designed to rely on cooling and pre-wetting. As the fire continues 
to burn in the area of ignition, the sprinkler controls roof/ceiling temperatures and prevents the 
spread of the fire until firefighters arrive or the fire burns itself out. Control mode sprinkler 
protection is characterized by a relatively large number of operating sprinklers (15 to 50 
sprinklers). Residential sprinklers are included in the control mode category. Generally, in 
residential applications, the maximum number of sprinklers in a single compartment (room) is 
four. 
 
Suppression mode sprinklers rely on thermal plume penetration to quickly stop fire growth. This 
reduces the heat release dramatically. Typically, the number of operating sprinklers is no more 
than six. Suppression mode sprinklers are used in high-challenge environments, such as high-piled 
or rack storage warehouses. 
 
A good source for locating fire protection equipment is the Underwriters Laboratories (UL) Fire 
Protection Equipment Directory at www.ul.com/tools-apps-and-databases. This directory provides 
guidance and general information, such as manufacturer’s listing information, temperature ratings, 
and sprinkler types and applications. 
 
Guidance for sprinkler positions is determined by the following: the style of sprinkler used; listing 
criteria; room use; the presence of obstructions, such as beams, fan blades, light fixtures, etc.; 
soffits and cabinets; and the ceiling configuration. Obstructions should have no effect on sprinkler 
response time or sprinkler discharge. An additional consideration is the relationship of the 
sprinkler and any heat source, such as fireplaces, coal or wood burning stoves, kitchen range/wall 
ovens, uninsulated heat ducts or hot water pipes, hot air flues or hot air diffusers, and the hot water 
heater or furnace. 
 
Historically, control mode sprinklers were developed to detect, control and confine a fire. 
Sprinklers today are designed for life safety, early suppression and special hazards. It is important 
to understand both the sprinkler and its application in order to design effective sprinkler protection. 
 
Sprinklers apply water directly to burning materials during the incipient phase of the fire. This 
prevents fire growth and the production of excessive heat, smoke and toxic gases. Sprinklers 
maintain a survivable atmosphere in the room of origin. 
 
The selection of sprinklers used in the design can vary based on performance and design of the 
sprinkler head. Residential sprinklers are found under the UL product category VKKW. They are 
labeled Residential or RES SPKR and have an operational range of 155 to 170 F (68 to 77 C). 
They may be exposed or concealed.  
 
There are two things that make residential sprinklers different from property protection sprinklers. 
Their Response Time Index (RTI) and wall-wetting characteristics. 

https://www.ul.com/tools-apps-and-databases
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Response Time Index  
 
RTI is a measure of the sensitivity of the sprinkler’s thermal element. Sample sprinklers are 
plunged into a heated airstream and shall operate within eight to 10 seconds of reaching their rated 
temperature. 
 
The RTI is calculated using the following: 
 
• Operating time of the sprinkler. 
 
• Operating temperature of the sprinkler’s heat-responsive element. 
 
• Air temperature of the test oven. 
 
• Air velocity of the test oven. 
 
• Sprinkler’s conductivity (c) factor, a measure of conductance between the sprinkler’s heat-

responsive element and the sprinkler oven mount. 
 
Residential or fast response sprinklers have a thermal element with an RTI of 50 (meters-
seconds)1/2 or less.  
 
Standard response sprinklers have a thermal element with an RTI of 80 (meters-seconds)1/2 or 
more. 
 
Water Distribution Characteristics 
 
When operated, property protection sprinklers discharge a cone- or umbrella-shaped pattern. This 
cone or umbrella is designed to soak adjacent combustible material to keep a fire from spreading. 
 
• 18 inches below the sprinkler, the water distribution pattern shall be 4 feet in diameter. 
 
• Four feet below the sprinkler, the water distribution pattern shall be 8 feet in diameter.  
 
Residential sprinklers are designed with a flat spray distribution pattern. When they operate, all 
building surfaces within 28 inches of the ceiling shall get wet. This shape cools the thermal plume 
and ceiling jet to prevent flashover.  
 
Residential sprinklers should be installed in accordance with their listing. The positioning details 
of the selected sprinkler type determine spacing, orientation and clearance from obstructions. 
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DISTANCES FROM HEAT-PRODUCING 
ELEMENTS 
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Distances from Heat-Producing Elements 
 
Sprinklers having an intermediate temperature rating (175 to 225 F (79 to 107 C)) should be 
installed in these areas. 
 
No sprinklers should be located less than the minimum range. 
 
Ordinary temperature sprinklers, 135 to 155 F (57 to 68 C), may be located outside the maximum 
range. 
 

Heat Source Range (inches) 
Fireplace, side of open or recessed 12 to 36 
Fireplace, front of recessed 36 to 60 
Coal or wood stove 12 to 42 
Kitchen range top 9 to 18 
Oven 9 to 18 
Vent or chimney connector 9 to 18 
Uninsulated heat duct 9 to 18 
Uninsulated hot water pipe 6 to 12 
Side of ceiling or wall warm air register 12 to 24 
Front of wall warm air register 18 to 36 
Water heater, furnace or boiler 3 to 6 
Luminaire up to 250 watts 3 to 6 
Luminaire 250 to 499 watts 6 to 12 

 
Used with permission from NFPA 13D, Copyright 2019 National Fire Protection Association. 
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APPENDIX C 
 
 

TYCO SERIES II SPRINKLER MANUFACTURER’S 
LITERATURE 
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APPENDIX D 
 
 

TYCO SERIES LFII RESIDENTIAL SPRINKLER 
DESIGN GUIDE 
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RESIDENTIAL SPRINKLER PLAN REVIEW 

  

 
 
 
 
 
 
 
 
 
 

UNIT 5: 
VERIFYING SPRINKLER COVERAGE 

AND HYDRAULIC DESIGN 
 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
5.1 Evaluate the accuracy of computations on a set of plans with associated hydraulic calculations. 
 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
5.1 Verify that sprinkler spacing is in accordance with listing requirements, and that design assumptions have 

been included in hydraulic calculations. 
 
5.2 Differentiate the flow characteristics of the four types of sprinkler pipe. 
 
5.3 Verify that hydraulic calculations include a sufficient number of sprinklers (one- and two-head designs) and 

that all hydraulic reference points are identified on the plans. 
 
5.4 Verify the calculation of a single sprinkler flow. 
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UNIT 5:
VERIFYING SPRINKLER 

COVERAGE AND HYDRAULIC 
DESIGN

Slide 5-1  

  
  
  
  
  
  
  
  
  
  
  

 

TERMINAL OBJECTIVE
Evaluate the accuracy of computations on a 
set of plans with associated hydraulic 
calculations.
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ENABLING OBJECTIVES
• Verify that sprinkler spacing is in 

accordance with listing requirements, and 
that design assumptions have been 
included in hydraulic calculations.

• Differentiate the flow characteristics of the 
four types of sprinkler pipe.
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ENABLING OBJECTIVES 
(cont’d)

• Verify that hydraulic calculations include a 
sufficient number of sprinklers (one- and 
two-head designs) and that all hydraulic 
reference points are identified on the 
plans.

• Verify the calculation of a single sprinkler 
flow.
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I. DESIGN CONSIDERATIONS 
 

A. Automatic fire sprinkler systems may be designed using hydraulic calculations or 
by a prescriptive method. 

 

HYDRAULIC DESIGN 
• Uses calculations to verify that the water 

supply’s pressure and volume are able to:
– Provide enough flow at the correct pressure 

to each sprinkler to control a fire.
– Develop enough flow at the correct pressure 

to all the sprinklers that are likely to open in a 
fire.

– Minimize the overall size of the sprinkler 
distribution pipe (to reduce cost).
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B. Hydraulic design uses calculations to verify that the water supply’s pressure and 

volume are able to: 
 

1. Provide enough flow at the correct pressure to each sprinkler to control a 
fire. 

 
2. Develop enough flow at the correct pressure to all the sprinklers that are 

likely to open in a fire. 
 

3. Minimize the overall size of the sprinkler distribution pipe (to reduce cost) 
without losing more pressure than the water supply can stand. 
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• Preferred design method in National Fire 
Protection Association (NFPA) 13, 
Standard for the Installation of Sprinkler 
Systems, 13R, Standard for the 
Installation of Sprinkler Systems in Low-
Rise Residential Occupancies, and 13D, 
Standard for the Installation of Sprinkler 
Systems in One- and Two-Family 
Dwellings and Manufactured Homes.
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HYDRAULIC DESIGN (cont’d)

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Hydraulic design is the preferred design option for systems designed in accordance 

with National Fire Protection Association (NFPA) 13, Standard for the Installation 
of Sprinkler Systems, 13R, Standard for the Installation of Sprinkler Systems in 
Low-Rise Residential Occupancies, and 13D, Standard for the Installation of 
Sprinkler Systems in One- and Two-Family Dwellings and Manufactured Homes. 

 
 
II. READING HYDRAULIC CALCULATIONS 
 

READING HYDRAULIC 
CALCULATIONS
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A. Project cover sheet (ACME Sprinkler Systems, Inc.). 

 
1. Includes designer’s name and company contact information. 

 
2. Not all designers provide this sheet since it is not a required part of a 

submittal. 
 

B. Hydraulic design information sheet. 
 

1. Includes all the assumptions the designer has incorporated into the project 
to meet the requirements of the appropriate design standard. 
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2. This is a required part of the submittal. 
 

3. The top block describes the project details. 
 

4. The second block outlines the foundational information for the system 
design: 

 
a. Sprinkler design standard selected. 

 
b. Number of design sprinklers flowing. 

 
c. Special rulings. 

 
- If the owner, contractor or code official has provided 

requirements different from the national design standards, 
they should be addressed here (e.g., more than the standard 
number of sprinklers flowing, densities greater than the 
standards require, etc.). 

 
d. Listed flow for the sprinkler(s) selected to be used as the design 

sprinklers. 
 

e. Listed pressure needed to provide the required flow. 
 

f. Maximum listed spacing for the selected sprinklers. 
 

g. Type of system to be used. 
 

- Wet. 
 

- Dry. 
 

- Preaction. 
 

h. Additional flow requirements (gallons per minute (gpm)) based on 
additional dwelling units of special rulings. 

 
i. Sprinkler make and model selected for the design, including K-

factor. 
 

j. Elevation at the highest outlet (sprinkler). 
 

- Represents elevation difference between where water supply 
test was taken and highest sprinkler. 

 
k. Sprinkler temperature rating. 
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5. The next block includes the calculation summary, the total flow and 
pressure output resulting from the calculations. The sprinkler pipe C-factor 
is also included. 

 
6. The final section provides water supply data: 

 
a. Date, time and test location. 

 
b. Static and residual pressures. 

 
c. Flow in gpm at test location. 

 
d. Elevation where test was performed. 

 
e. Pump data (if used). 

 
f. Tank, reservoir or well data (if used). 

 
C. Water supply curve. 

 
1. Represents a comparison of the sprinkler system performance in relation to 

the water supply test. 
 

2. When a water supply test curve is shown, the sprinkler system demand 
(lower-left to upper-right diagonal line) must always occur below the water 
test curve. 

 
3. The lower-left to upper-right diagonal line represents the sprinkler system 

demand. 
 

a. Starts at zero gpm flow at about 10 pounds per square inch (psi), 
which represents the elevation of the highest sprinkler. 

 
b. Ends at 32.1 gpm at 33.9 psi, which is the flow and pressure demand 

of the system with both design sprinklers operating. 
 

D. Flow diagram. 
 

Computerized representation of how the water flows from the source to the design 
sprinklers through the assigned nodes. 

 
E. Fittings used summary. 

 
1. Provides information on the abbreviations used in the hydraulic printout for 

various fittings. 
 

2. Includes the estimated friction loss at various flow rates for each fitting type 
and size. 
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F. Flow summary. 
 

1. Provides a summary analysis of what is influencing water flow at various 
points in the system. 

 
2. In this example, these points are referenced as nodes; they may also be 

called hydraulic reference points. 
 

SPRINKLER FLOW
To achieve fire control, the sprinkler system 
must be able to deliver adequate flow at a 
specific pressure.
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G. Final calculations/sprinkler flow. 

 
1. In order to achieve fire control, the sprinkler system must be capable of 

delivering adequate flow at a specific pressure. 
 

2. The hydraulic calculations will show the minimum flow and pressure 
requirement. 

 
3. The values in the calculations should meet or exceed the pressure and 

volume requirements shown in the manufacturer’s sprinkler tables for the 
selected configuration (smooth, flat ceiling, slope, spacing, etc.). 
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III. VERIFYING HYDRAULIC CALCULATIONS 
 

SPRINKLER FLOW/PRESSURE
• Orifice size: K-factor.
• Constant coefficient of 

discharge.
– Higher K-factor: lower 

friction loss/greater 
flow.

– Lower K-factor: higher 
friction loss/lesser 
flow.
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A. Sprinkler flow characteristics are identified by their K-factor, a mathematical 

constant coefficient of discharge. 
 

1. The larger the K-value, the greater the flow. 
 

2. Based on a minimum sprinkler operating pressure of 7 psi. 
 

B. The plans examiner should verify the flow and pressure values shown in the 
hydraulic calculations that are submitted with the plans. To do this, the plans 
examiner must know the sprinkler K-factor, which is provided in the 
manufacturer’s technical literature. 

 

DISCHARGE CRITERIA 
GALLONS PER MINUTE

• For sprinklers that have listed discharge 
criteria, use the listed criteria.

• For sprinklers that do not have listed 
discharge criteria:
– Minimum 18 gallons per minute (gpm) to any 

single sprinkler.
– Minimum 13 gpm to all design sprinklers.
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C. Discharge criteria. 
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1. For sprinklers that have specific discharge criteria (such as those described 
in the manufacturer’s catalog literature), the system must provide at least 
the flow required for the multiple- and single-sprinkler operating criteria 
specified by the sprinkler listing. Use the manufacturer’s tables in Unit 6: 
Prescriptive Design, Appendix: Residential Sprinkler Prescriptive Design 
to point out the minimum flow from one- and two-head sprinklers, then 
show where those values appear on the hydraulic calculations. 

 
2. For sprinklers that do not have specific discharge criteria, the system must 

discharge at least 18 gpm to any single design sprinkler in the system. 
 

a. This reference to sprinklers that do not have a specific discharge 
criteria is legacy language from early versions of NFPA 13D. There 
are no residential sprinklers in the market today that do not have a 
specific discharge criteria. 

 
b. However, there might be standard sprinklers installed in the non-

dwelling portions of a structure that comprise the hydraulic remote 
area, so these values would be used in those conditions. 

 
c. The system must discharge at least 13 gpm per sprinkler 

simultaneously to all of the design sprinklers. 
 

3. The submittal should include calculations for one- and two-head sprinkler 
operation. 

 

SPRINKLER FLOW/ 
PRESSURE (cont’d)

• The minimum operating pressure is 7 
pounds per square inch (psi).
– Unless manufacturer’s literature has different 

value.
– Warning: Pressure demands vary based on 

specific design and installation conditions.
-- Sloped ceilings.
-- Spacing.
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VERIFYING FLOW
• Given: Q = K√P

– Q = gpm.
– K = sprinkler K-factor.
– P = flowing pressure.

• Q = 4.9√7
• Q = 4.9 x 2.64
• Q = 12.96 gpm and is rounded to 13 gpm.
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D. To verify the flow of a single sprinkler, use the formula: 

 
Q = K√p 

 
Where: 

 
Q = quantity in gpm. 

 
K = sprinkler K-factor. 

 
p = residual pressure in psi. 

 
Example: Given a residential sprinkler with a K-factor of 4.9 at a flowing pressure 
of 7 psi, what is the flow in gpm? 

 
1. Q = 4.9√7. 

 
2. Q = 4.9 x 2.64. 

 
3. Q = 12.96 gpm. 

 
4. Round to 13 gpm. 
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VERIFYING PRESSURE
• Given: √P=Q/K

– Q = gpm.
– K = sprinkler K-factor.
– P = flowing pressure.

• √P = 20/4.9
• √P = 4.08
• (√P)2 = (4.08)2

• P = 16.65 psi and is rounded to 16.7 psi.
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E. Conversely, to verify the minimum required pressure to obtain a specific flow, use 

the following inverse formula: 
 

√P=Q/K 
 

Where: 
 

Q = quantity in gpm. 
 

K = sprinkler K-factor. 
 

p = residual pressure in psi. 
 

Example: Given a residential sprinkler with a K-factor of 4.9, what pressure is 
required to obtain a flow of 20 gpm? 

 
1. 20/4.9 =√p. 

 
2. 4.08 = √p. 

 
3. (4.08)2 = (√p)2. 

 
4. 16.65 = p. 

 
5. Round to 16.7 psi. 
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MANUFACTURER’S LISTING 
INFORMATION

Slide 5-14  

  
  
  
  
  
  
  
  
  
  
  

 
F. Design density option. 

 
1. In NFPA 13 (13D or 13R), designers may use the specified number of 

design sprinklers or may choose to design a system based on a design 
density of 0.05 gpm per square foot. 

 
2. The design density method is a sprinkler design scheme more often used in 

commercial-type or large, open area structures. Depending upon the fire 
load and other factors, the sprinkler designer must show that the system is 
capable of delivering a minimum specific amount of water over a specific-
sized area called the hydraulic design area or remote area. 

 
3. For example, if the standard specifies the sprinkler system must deliver a 

density of 0.05 gpm per square foot, that means that all of the sprinklers in 
the hydraulic design area or remote area must be capable of providing 0.05 
gpm over every square foot of the design area. If the design area is 800 
square feet, the sprinkler system must be capable of flowing at least 40 gpm. 

 
0.05 gpm/ft2 x 800 ft2 = 40 gpm 

 
4. The actual flow value will be more than 80 gpm, because the system will 

need to provide more water to fill the pipes and flow all the sprinklers at the 
design rate. 

 
5. The minimum design area for commercial-type or large, open area 

structures is provided in NFPA 13 or as required by the code official. 
 

6. In a residential application, imagine a great room or large recreation room 
that measures 20 feet by 28 feet (560 square feet). (This is an arbitrary 
number selected for an example.) 
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7. At a required density of 0.05 gpm per square foot, the required flow for this 
room would be: 

 
0.1 gpm/ft2 x 560 ft2 = 28 gpm 

 
8. This outcome value is very similar to the design sprinkler method that has 

been used in the standards. 
 

SPRINKLER SPACING
• Area of sprinkler coverage.

– Affects volume and pressure requirements.
• Various conditions.

– Ceiling slope, spacing, available water 
supply.
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G. One of the key elements to adequate sprinkler performance is the amount of area a 

single sprinkler will cover. The goal is to ensure that all portions of the room are 
within the spray pattern of one or more sprinklers. 

 
Based on the coverage area and number of sprinklers, the designer must ensure that 
there is adequate volume at adequate pressure to operate the system, which is the 
basis for the hydraulic design. 

 

SPRINKLER AREA LIMITS/ 
SPACING
S x L = (AS)

Where:

• S: larger of twice the distance to the wall/ 
obstruction or distance to next sprinkler on 
branch line.

• L: larger of twice the distance to the wall/ 
obstruction or spacing between branch 
lines.

Slide 5-16  
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H. Sprinkler area limits and spacing. Design coverage area is based on the formula: 
 

S x L = As 
 

Where: 
 

S = larger of twice the distance to the wall/obstruction or the distance to next 
sprinkler on branch line. 

 
L = larger of twice the distance to the wall/obstruction or the spacing between 
branch lines. 

 
As = area of coverage per sprinkler. 

 

S x L

Slide 5-17

Plan view 

S

L

L

 

  
  
  
  
  
  
  
  
  
  
  

 
I. Slide 5-17 represents where the dimensions S and L are taken. 

 
1. S is the spacing between sprinklers along a branch line. 

 
2. L will be either the: 

 
a. Space between the branch lines. 

 
b. Twice the distance between the lower branch line and the wall 

(obstruction). 
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S x L (cont’d)

Slide 5-18

Plan view 

S = 12

L = 10
L = 6

 

  
  
  
  
  
  
  
  
  
  
  

 
J. Slide 5-18 adds values to the formula: 

 
1. S = 12 feet. 

 
2. L = 10 feet, or, twice 6 feet (12 feet). 

 

As SPACING?
• S = 12; L = 10; 12 x 10 = 120 ft2.
• S = 12; L = (6 x 2); 12 x 12 = 144 ft2.
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K. Slide 5-19 provides two answers: 

 
1. S = 12; L = 10; 12 x 10 = 120 ft2. 

 
2. S = 12; L = (6 x 2); 12 x 12 = 144 ft2. 

 
The correct answer is that the sprinkler design coverage area is the greater 
of the two values, i.e., 144 square feet. 
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DISCHARGE OVERLAP

Slide 5-20
Plan view 

 

  
  
  
  
  
  
  
  
  
  
  

 
L. Slide 5-20 represents the typical sprinkler round spray discharge pattern. The 

spacing results from the equation S x L = As assuring that the sprinklers will provide 
discharge overlap. 

 

Master BR

Bedroom

Den

Bath Closet

Laundry

Kitchen

Great Room

Garage
155 F residential sprinkler pendent.

7:12
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MANUFACTURER’S LISTING 
INFORMATION (cont’d)

Slide 5-22  
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M. Manufacturer’s listing information and catalog sheets provide the maximum area 
of coverage per sprinkler for various conditions. 

 
These conditions include ceiling configuration, slope, available water pressure and 
available water volume. 

 
N. The maximum coverage area varies depending upon water pressure and volume 

delivered to the sprinklers. 
 

1. Generally, given the same sprinkler, increased pressure and volume are 
needed to increase coverage areas. 

 
2. Residential sprinklers should not be installed within 8 feet of one another 

(unless listed for lesser spacing) to prevent cold soldering. 
 

Cold soldering describes the condition where the sprinkler discharge from 
one sprinkler hits the operating element of another, thereby cooling it and 
preventing it from opening. 

 

HYDRAULIC DESIGN 
ASSUMPTIONS

• Correct design standard selected.
• Ceiling is smooth and flat.

– Slope and/or obstructions have been 
addressed.

• All areas covered.
• Number of design sprinklers is correct.
• Coverage area is correct.
• Water supply data are current and accurate.
• Appropriate pipe is specified.
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O. Design assumptions. 

 
The sprinkler system designer will base their design on a variety of assumptions 
regarding the system. These assumptions provide the design framework and should 
be verified by the plans examiner. These design assumptions include: 

 
1. The correct NFPA design standard has been selected for the occupancy. 

 
2. The ceiling is smooth and flat, or obstructions that may affect water 

distribution patterns or sprinkler spacing have been identified. 
 

3. All areas requiring sprinkler protection have been provided with coverage. 
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4. The number of design sprinklers is correct. 
 

Design sprinklers are the one, two (NFPA 13D) or four (NFPA 13R) 
sprinklers that the system designer has selected as hydraulically most 
challenging; that is, they are likely the farthest from the water source and 
most difficult to serve at the required pressure and volume due to elevation, 
distance and friction loss in the pipe. 

 
5. The area of coverage per sprinkler is specified and accurate. It complies 

with NFPA 13D and/or the manufacturer’s specifications. 
 

6. The water supply data have been provided. 
 

a. They are current. 
 

b. They were taken and calculated correctly. 
 

7. The appropriate type of pipe(s) is being used for water distribution. The type 
of pipe influences the water flow characteristics due to the interior 
roughness and carrying capacity. 

 

DESIGN SPRINKLERS
• NFPA 13D.

– “All of the sprinklers within a compartment, up 
to a maximum of two sprinklers, that require 
the greatest hydraulic demand” (2016).
-- One if largest room has only one sprinkler.
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P. Number of design sprinklers. 

 
1. For NFPA 13D designs, the system must provide adequate flow to one or 

two sprinklers in the largest compartment (room). 
 

a. A room may have more sprinklers in it (such as a great room or 
bonus room), but the designer must only prove the system is capable 
of supplying two sprinklers simultaneously. 

 
b. If the largest room has only one sprinkler, the calculations must meet 

its required flow rate and pressure. 



VERIFYING SPRINKLER COVERAGE AND HYDRAULIC DESIGN 

SM 5-20 

DESIGN SPRINKLERS (cont’d)
• NFPA 13R.

– “All of the sprinklers within a compartment, up 
to a maximum of four sprinklers, that require 
the greatest hydraulic demand” (2016).
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2. For NFPA 13R designs, the system must provide adequate flow to four 

sprinklers in the largest compartment (room). 
 

DESIGN SPRINKLERS (cont’d)
• NFPA 13.

– “The area that includes the four adjacent 
sprinklers that produce the greatest hydraulic 
demand.”
-- “For buildings having unsprinklered combustible 

concealed spaces … the minimum design area 
of sprinkler operation for that portion of the 
building shall be eight sprinklers” (2016).
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3. For NFPA 13 designs, it is “the area that includes the four adjacent 

sprinklers that produce the greatest hydraulic demand.” 
 

“For buildings having unsprinklered combustible concealed spaces … the 
minimum design area of sprinkler operation for that portion of the building 
shall be eight sprinklers” (2016). 
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REFERENCE POINTS
• Nodes and data points.
• Locations where something affects the 

water flow to the design sprinklers.
– Sprinkler discharge.
– Elbows: directional change with energy loss.
– Tees: directional change or turbulence with 

energy loss.

Slide 5-27  

  
  
  
  
  
  
  
  
  
  
  

 
Q. Reference points or nodes. 

 
1. Sprinkler systems designed hydraulically will be identified on the plans by 

hydraulic reference points or nodes and will be accompanied by one or more 
sets of hydraulic calculations. 

 
In its simplest form, hydraulic demand equals pressure loss. The hydraulic 
calculations are used to prove there is adequate water pressure to overcome 
the pressure loss and still provide adequate pressure and flow to the design 
sprinklers so that they will deliver the minimum required pressure and flow 
when they are operating simultaneously. 

 
2. Reference points or nodes are identified along the critical path of the water 

flow from its source to the design sprinklers. 
 

3. Reference points or nodes represent those locations where something 
affects the water flow to the design sprinklers. 

 
a. Sprinkler discharge. 

 
b. Elbows: directional change with energy loss. 

 
c. Tees: directional change or turbulence with energy loss.  
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REFERENCE POINTS (cont’d)
– Fittings: friction-loss influence.
– Valves: friction-loss influence.
– Risers/Drops: influence pressure changes 

due to elevation.
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d. Fittings and valves: friction loss influence. 

 
e. Risers/Drops: influence pressure changes due to elevation. 

 
f. Top of riser/bottom of riser: changes of direction and elevation, as 

well as connecting to water meters, backflow prevention devices, 
pumps, tanks, etc. 

 

Slide 5-29
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4. In the illustration on Slide 5-29, the nodes in the bedroom are selected 

because they occur in the largest room that is hydraulically most remote 
from the source. Therefore, two design sprinklers are required to satisfy 
NFPA 13D. 

 
5. Even though there are other sprinklers (bathroom and closet) that may be 

physically more remote from the source, the total demand (flow and 
pressure) is greater in the bedroom because of the potential for two 
sprinklers to be operating simultaneously. 
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WATER METERS/BACKFLOW
• Not required as part of 

sprinkler design standards.
– Check with local water 

purveyor.
• Can have serious negative 

effect on water flow due to 
friction loss.
– As flow increases, so does 

friction loss.
– Refer to meter manufacturer for loss values.
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R. Water meters and backflow devices can have significant impacts reducing the water 

pressure to a sprinkler system. 
 

1. Water meters and backflow prevention devices are not required as part of 
sprinkler design standards. 

 
Check with local water purveyor. 

 
2. Can have a serious negative effect on water flow due to friction loss. 

 
a. As flow increases, so does friction loss. 

 
b. Refer to meter manufacturer for loss values. 

 

WATER METER INFLUENCE 
(SAMPLE)

Pressure Loss (psi) in Various Meter Sizes

Slide 5-31

Meter size 
(in.)

18
gpm

23
gpm

26
gpm

31
gpm

39
gpm

52
gpm

5/8 9 14 18 26 * *
3/4 4 8 9 13 * *
1 2 3 3 4 6 10
1 ** 1 2 2 4 7
2 ** ** ** 1 2 3

* Above maximum flow of commonly available meters.
** Less than 1 psi.

 

  
  
  
  
  
  
  
  
  
  
  

 
S. Use Slide 5-31 to describe the pressure reducing effect of typical water meters. 

 
1. The left column represents typical water meter sizes. 
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2. The top row represents sample flows in gpm. 
 

3. The corresponding tabular values are typical losses in psi through these 
typical meters. 

 

WATER METER INFLUENCE 
(SAMPLE) (cont’d)

Neptune Model T-10 5/8-inch domestic meter loss

Slide 5-32  

  
  
  
  
  
  
  
  
  
  
  

 
T. Slide 5-32 represents the loss through a sample Neptune Model T-10 5/8-inch 

domestic water meter. 
 

KNOWLEDGE CHECK
Where should nodes be located? (Select all 
that apply.)

A. Valves.
B. Elbows.
C. Risers/Drops.
D. Fittings.
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SPRINKLER PIPE
• Pipe selection affects:

– Friction characteristics due to turbulence.
-- Black iron/steel have rough interior.
-- Copper, chlorinated polyvinyl chloride (CPVC) 

and cross-linked polyethylene (PEX) have 
smooth interior.

– Carrying capacity.
-- Given pipe dimensions are nominal and describe 

outside diameter.
-- Critical feature is inside diameter.
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U. Pipe selection effects on water flow. 

 
1. The type of pipe selected to supply the sprinklers affects the hydraulic 

performance. 
 

a. Friction characteristics due to turbulence. 
 

b. Carrying capacity. 
 

2. The pipe’s interior smoothness affects the flow. As water moves through 
the pipe, the design goal is to create a smooth, laminar flow, thereby 
reducing the influence of friction. 

 
a. Some pipe materials, particularly black iron, steel or galvanized 

steel, have relatively rough interiors that contribute to turbulence 
and increase friction. Increased friction translates to pressure loss 
that must be overcome. 

 
b. Chlorinated polyvinyl chloride (CPVC), cross-linked polyethylene 

(PEX) and copper have smoother interior surfaces and allow more 
laminar flow. 
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C-FACTORS
• Describes coefficient of roughness.
• Will be referenced in hydraulic calculations.

Slide 5-35

Material C-Factor
Unlined cast or ductile iron 100
Black steel (dry and pre-action systems) 100
Black steel (wet systems) 120
Galvanized steel 120
CPVC, PEX, PBS plastic 150
Copper 150

Source: NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
c. The interior smoothness characteristics are identified as the pipe’s 

C-factor, which is a coefficient of roughness of the pipe’s interior 
and varies with the material that is used. 

 
- C-factor of various materials used in sprinkler systems. 

 
 

Material C-Factor 
Unlined cast or ductile iron 100 
Black steel (dry and pre-action systems) 100 
Black steel (wet systems) 120 
Galvanized steel 120 
CPVC, PEX, PBS plastic 150 
Copper 150 

Source: NFPA 
 
 

- The higher the C-factor number, the better the flow 
characteristics. 

 
3. Plans review must confirm that the C-factors have been correctly identified 

in the hydraulic calculations back to the point of connection (where the 
supply is connected to the system). The calculation may have to be shown 
all the way to the street connection. 

 
Use pipe manufacturer’s C-factor values if their documentation proves 
another value is appropriate. 
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PIPE INSIDE DIAMETER
• Sample diameters for 1-inch pipe.
• Will be referenced in hydraulic calculations.

Slide 5-36

Material
Schedule 
(Pipe Wall 
Thickness)

Outside 
Diameter 
(inches)

Inside 
Diameter 
(inches)

Black iron 40 1.315 1.05
Black iron 10 1.315 1.206
CPVC SDR 13.5 1.315 1.101
PEX 1.125 0.862
Copper K 1.125 0.995

L 1.125 1.025
M 1.125 1.055

Source: NFPA

 

  
  
  
  
  
  
  
  
  
  
  

 
4. Pipe dimensions that are shown on the plans are generally the outside 

diameter and do not accurately reflect the pipe’s inside diameter water-
carrying capacity. 

 
a. For the purposes of hydraulic calculations, it is the inside diameter 

of the pipe that is crucial. 
 

b. Sample inside diameters for typical 1-inch (nominal) pipe: 
 
 

Material 
Schedule 
(pipe wall 
thickness) 

Outside 
Diameter 
(inches) 

Inside 
Diameter 
(inches) 

Black iron 40 1.315 1.05 
Black iron 10 1.315 1.206 
CPVC SDR* 13.5 1.315 1.101 
PEX  1.125 0.862 
Copper K 1.125 0.995 
 L 1.125 1.025 
 M 1.125 1.055 

Source: NFPA 13. *Standard Dimension Ratio (SDR). 
 
 

- The CPVC pipe has an outside diameter like iron pipe, but 
with a different inside diameter. 

 
- Many polyethylene (PE) pipe manufacturers use the SDR 

method of rating pressure piping. The SDR is the ratio of 
pipe diameter to wall thickness, and the SDR can be 
expressed as: 

 
SDR = D/s (1) 
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Where: 
 

-- D = pipe outside diameter (inches). 
 

-- S = pipe wall thickness (inches). 
 

- An SDR of 15 means that the outside diameter of the pipe is 
15 times the thickness of the wall. 

 
- A high SDR ratio means the pipe wall is thin compared to 

the pipe diameter. A low SDR ratio means the pipe wall is 
thick compared to the pipe diameter. As a result, a high SDR 
pipe has a low-pressure rating, and a low SDR pipe has a 
high-pressure rating. 

 
c. Use pipe manufacturer’s inside diameter values if their 

documentation proves another value is appropriate. 
 

- The volume of a length of pipe can be computed by the 
formula: 

 
V = (πr2h)/231 

 
Where: 

 
-- V = volume in gallons. 

 
-- π = pi (constant 3.1415). 

 
-- r = inside radius of the pipe. 

 
-- h = pipe height (length). 

 
-- 231 = number of cubic inches in a gallon. 

 
- Example 1: What is the carrying capacity of 1 foot of 

Schedule 40 black iron? 
 

-- V= (πr2h)/231 
 

-- V = (3.1415 x 0.5252 x 1)/231 
 

(Note that the radius is one-half the diameter.) 
 

-- V = 0.00374 
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- Example 2: What is the carrying capacity of 1 foot of 
Schedule 40 CPVC? 

 
-- V= (πr2h)/231 

 
-- V = (3.1415 x 0.55052 x 1)/231 

 
(Note that the radius is one-half the diameter.) 

 
-- V = 0.00412 

 
- While the differences may appear insignificant in one foot 

of pipe, over the entire length of the sprinkler system, the 
accumulated effect may alter the accuracy of the 
calculations. 

 

ELEVATION
• Pressure must be adequate to overcome 

elevation.
– Loss = 0.434 psi for every foot of elevation.

• Calculations must show difference 
between:
– Elevation where water supply data is taken.
– Highest sprinkler.
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V. Elevation influence. 

 
1. The pressure-loss effects of elevation must be taken into account in the 

calculations. 
 

a. Pressure loss per foot of elevation is 0.434 psi. (Some texts use 0.433 
psi per foot.) 

 
b. 1 psi = 2.31 feet of head. 

 
2. Calculations must reflect an elevation difference between the point where 

the water supply enters the dwelling (usually identified as the source) and 
the highest sprinkler. 
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ELEVATION EXAMPLE 1

Slide 5-38  

  
  
  
  
  
  
  
  
  
  
  

 

ELEVATION EXAMPLE 2

Slide 5-39  

  
  
  
  
  
  
  
  
  
  
  

 
a. If the water supply test data represent a different elevation for the 

source, this difference must be addressed in the calculations. 
 

b. For example, if the water supply data were taken at an elevation of 
658 feet above sea level (ASL), and the point where the water supply 
enters the dwelling is 680 feet ASL, the lower elevation should be 
used for determining the difference between the highest point and 
the source since that is where the test data was collected. 
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ELEVATION EXAMPLE 3

Slide 5-40  

  
  
  
  
  
  
  
  
  
  
  

 
3. Elevation must be shown on plans or on a sectional drawing that can be 

scaled. 
 

KNOWLEDGE CHECK
Which of the following pipe materials has the 
roughest interior? 

A. Copper. 
B. PEX.
C. Black iron.
D. Galvanized steel.
E. CPVC.
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QUICK COMPARISON
NFPA 13 NFPA 13R NFPA 13D/IRC P2940

Scope All occupancies Group R to four stories in 
height

One- and two-family 
and townhouses

Coverage Entire building Occupied spaces Occupied spaces

Sprinkler 
design

Control mode, pipe 
schedule, hydraulic 

design, minimum 0.1 
gpm/square foot

Life-safety control mode, 
four-head design, or 0.05 

gpm/square foot

Life-safety control 
mode,  two-head 
design, or 0.05 

gpm/square foot

Sprinklers
All approved types, 

residential in dwelling unit 
and adjacent corridor

Residential in dwelling unit 
and adjacent corridor, other 
approved types elsewhere

Residential in dwelling 
unit, other approved 

types elsewhere

Water demand System, plus 100 to 500 
gpm ± 52 gpm ± 26 gpm

Duration 30 to 120 minutes 30 minutes 7 to 10 minutes

Fire 
Department 
Connection 
(FDC)

Yes, with some exceptions Yes, if > 2,000 square feet or 
> one story Optional
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ACTIVITY 5.1 
 

Verifying Hydraulic Design Assumptions 
 
Purpose 
 
Demonstrate the data needed and steps taken to verify the completeness of a residential sprinkler 
hydraulic design. 
 
 
Directions 
 
1. You will work in small groups to answer the questions in this activity. 
 
2. When completed, you should be prepared to discuss your answers in class. 
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ACTIVITY 5.1 (cont’d) 
 

Worksheet 
 
Questions 
 
1. A three-story residential sprinkler plan shows an elevation difference of 43 feet from 

where the pipe enters the dwelling to the highest sprinkler. How much pressure loss 
should be expected in this elevation difference? 

 
  
 
  
 
  

 
2. What is the minimum number of design sprinklers that can be used in an NFPA 13D 

design? 
 

  
 
  
 
  

 
3. What is the C-factor for new copper pipe? 
 

  
 
  
 
  

 
4. A residential sprinkler has a listed K-factor of 2.8. The operating pressure is shown as 

23.2 psi. What is the expected flow from this sprinkler? 
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5. A listed residential sprinkler has a coverage area of 16 feet by 16 feet. 
 

The plans reviewer discovers that the branch lines are spaced 12 feet apart, and the 
sprinklers on each branch line are 14 feet apart. Is this sprinkler suitable for this design? 

 
  
 
  
 
  

 
6. What is the minimum number of design sprinklers that can be used in an NFPA 13R 

design? 
 

  
 
  
 
  

 
7. Which of the following does not need to be identified as a hydraulic node or reference 

point on the calculation sheets? 
 

a. Pipe elbow. 
b. Pipe tee. 
c. Water meter. 
d. Riser pressure gauge. 

 
8. Which of the following is true about sprinkler K-factors? 
 

a. A higher K-factor value means lower friction loss and greater flow. 
b. A lower K-factor value means lower friction loss and lesser flow. 
c. A higher K-factor value means higher friction loss and greater flow. 
d. A lower K-factor value means lower friction loss and restricted flow. 

 
9. According to NFPA 13D, for sprinklers that do not have a listed discharge criterion, the 

minimum flow to a single sprinkler must be   gpm. 
 

a. 12.48 
b. 13 
c. 14.7 
d. 18 
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10. According to NFPA 13, 13R and 13D, unless listed otherwise, the minimum operating 
pressure for any sprinkler is   psi. 

 
a. 5 
b. 7 
c. 9 
d. 13 
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IV. SUMMARY 
 

• Verify design assumptions.
• Verify sprinkler spacing.
• Confirm number of design sprinklers.
• Check hydraulic reference points:

– Sprinklers, changes in direction and fittings/ 
valves.

– Verify they exist all the way to the source.

SUMMARY

Slide 5-44  
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UNIT 6: 
PRESCRIPTIVE DESIGN 

 
 
 

TERMINAL OBJECTIVE 
 
The students will be able to: 
 
6.1 Evaluate the accuracy of computations on an International Residential Code (IRC) P2904 prescriptive 

design worksheet. 
 

ENABLING OBJECTIVES 
 
The students will be able to: 
 
6.1 Verify the accuracy of variables that are used in the IRC P2904 prescriptive design sprinkler worksheet. 
 
6.2 Identify water system additions that might affect the outcome of the prescriptive design formula. 
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UNIT 6:
PRESCRIPTIVE DESIGN
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TERMINAL OBJECTIVE
Evaluate the accuracy of computations on an 
International Residential Code (IRC) P2904 
prescriptive design worksheet.
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ENABLING OBJECTIVES
• Verify the accuracy of variables that are 

used in the IRC P2904 prescriptive design 
sprinkler worksheet.

• Identify water system additions that might 
affect the outcome of the prescriptive 
design formula.
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I. PRESCRIPTIVE DESIGN 
 

Slide 6-4

PRESCRIPTIVE DESIGN 
Defined as a cookbook approach that 
provides specific pipe sizes, materials and 
lengths to provide system coverage as 
required by the standard.
• National Fire Protection Association (NFPA) 

13D, Standard for the Installation of Sprinkler 
Systems in One- and Two-Family Dwellings and 
Manufactured Homes.

• IRC P2904.

 

  
  
  
  
  
  
  
  
  
  
  

 
A. Prescriptive design allows the designer to employ a simple step-by-step method to 

select pipe size, pipe diameter and pipe length for the system. 
 

1. Prescriptive design is recognized by both National Fire Protection 
Association (NFPA) 13D, Standard for the Installation of Sprinkler Systems 
in One- and Two-Family Dwellings and Manufactured Homes, and 
International Residential Code (IRC) P2904. It is suitable only for one- and 
two-family dwellings and townhouses. 

 
2. The prescriptive design method was developed to provide home builders a 

simple and low-cost alternative to obtaining a hydraulically designed 
sprinkler system. 

 
B. The prescriptive method accounts for all the design assumptions found in a 

hydraulically calculated system but uses simple arithmetic and reference tables that 
account for slight variations in the pipe configuration that might affect flow (e.g., 
fittings and elbows). 

 
1. Prescriptive designs will always result in a tree distribution design. 

 
2. Prescriptive design tends to be more conservative than hydraulic design, 

due to the fact that the table values used in the formula are rounded up. 
Effects of friction loss due to pipe lengths, directional changes and elevation 
are included in the table values, so the eventual design includes a safety 
margin that may not appear in a hydraulic design. 
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3. One important conceptual difference of the prescriptive method from 
hydraulic design is that the result of the prescriptive design formula 
determines the maximum allowable length of pipe between the dwelling 
service valve and the single most remote sprinkler. Where hydraulic 
design establishes pipe size and configuration for the most demanding two 
simultaneously flowing sprinklers, the output from the prescriptive formula 
finds only maximum pipe length to one sprinkler. The prescriptive approach 
provides enough over design that if the single most remote sprinkler can 
perform, any two upstream of it should perform adequately. 
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• Pipe is sized by determining available 
pressure to offset friction loss.
– Calculation procedure uses available 

pressure equation.
– Establishes maximum allowable pipe length.

PRESCRIPTIVE DESIGN (cont’d) 

 

  
  
  
  
  
  
  
  
  
  
  

 
C. Prescriptive installations should be limited to a single pipe material (e.g., 

chlorinated polyvinyl chloride (CPVC), copper or cross-linked polyethylene 
(PEX). Materials should not be mixed because of the different interior pipe or tube 
sizes and roughness. 

 
Once a pipe or tube size is selected, the entire system must be of that size to 
accommodate the values that have been interpolated in the prescriptive tables. 
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AVAILABLE PRESSURE 
EQUATION 

Psup-PLsvc-PLm-PLd-PLe-Psp = Pt

• Psup = from water source or pump.
• PLsvc = loss in service pipe.
• PLm = loss through meter.
• PLd = loss through other devices 

(softeners, filters, etc.).
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D. Prescriptive design uses the available pressure equation, which results in the 
pressure available to offset friction loss in the dwelling unit’s interior pipe (or the 
pressure available to supply sprinklers). 

 
1. Available pressure formula: 

 
Psup-PLsvc-PLm-PLd-PLe-Psp = Pt 

 
a. Psup: This is the static water pressure available at the point of supply. 

This may be the connection to the municipal-type water main or (in 
the case of a non-pressurized tank and pump arrangement) the 
minimum pressure control setting for the pump. 

 
b. PLsvc: This is the pressure loss in the water service pipe between the 

connection and the point where it enters the dwelling. A value is 
entered from IRC Table P2904.6.2(1), Water Service Pressure Loss, 
based on the diameter of the pipe and its length. 

 
c. PLm: This is the pressure loss resulting from the installation of a 

typical water meter of 5/8-, 3/4- or 1-inch size. If the actual loss is 
known based on the manufacturer’s technical literature, use that 
value. 

 
d. PLd: This is the pressure loss due to additional devices being 

installed in the water supply, such as water softeners, pressure 
reducing valves (PRVs), backflow preventers, water filters or 
similar flow restricting devices. 

 
- Device pressure losses must be based on the manufacturer’s 

technical literature. (If one or more of these devices are 
equipped with a bypass feature that opens when the sprinkler 
system operates, this value may be entered as zero.) 

 
- If the water service supplies more than one dwelling, add 5 

gallons per minute (gpm) to the flow rate to select the 
pressure loss value from the table. 
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AVAILABLE PRESSURE 
EQUATION (cont’d)

Psup-PLsvc-PLm-PLd-PLe-Psp = Pt

• PLe = loss due to elevation.
• Psp = sprinkler operating pressure.
• Pt = available pressure to determine 

maximum pipe length to most remote 
sprinkler.

 

  
  
  
  
  
  
  
  
  
  
  

 
e. PLe: This is the pressure loss due to elevation from the point of 

supply where the water source pressure was measured and from the 
elevation of the highest sprinkler. 

 
f. Psp: This is the pressure needed by any individual sprinkler to 

operate at the coverage area that the designer has selected. 
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DATA SOURCES
• Water purveyor:

– Source pressure.
– Service pipe length and diameter.
– Meter or backflow prevention requirements.

• Homeowner:
– Water filters, softeners, other devices.

-- Identified by make and model.

 

  
  
  
  
  
  
  
  
  
  
  

 
2. The values that are inserted into the formula are collected from the 

following: 
 

a. The water purveyor. 
 

- Water source pressure. 
 

- Water service pipe size and length (from street to dwelling 
unit). 

 
- Water meter size (if one is required). 
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- Backflow prevention device (if one is required). 
 

b. The homeowner, contractor or building designer. 
 

- Water filters and softeners, and other flow-restricting 
devices. 

 
-- These must be identified by make and model to 

verify their flow restriction values. 
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DATA SOURCES (cont’d)
• Sprinkler designer:

– Pipe size and type.
– Elevation difference between source and 

sprinklers.
– Selected Sprinkler Identification Number 

(SIN) and coverage area.
– Pump size and rating.

 

  
  
  
  
  
  
  
  
  
  
  

 
c. Sprinkler designer. 

 
- Type and diameter of pipe used in the interior piping. 

 
- Elevation difference, in feet, between the source and the 

highest sprinkler. 
 

- Selected Sprinkler Identification Number (SIN) and 
maximum coverage based on the sprinkler. This will provide 
the required pressure value (Psp). 

 
- Pump rating and output, if used. 

 
3. Once the prescriptive design assumptions are known, the designer may refer 

to tables that provide equivalent values. 
 

The plan submittal should be accompanied by a worksheet that verifies the 
design assumptions and arithmetic. 
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4. The arithmetical result (Pt or available pressure) is cross-referenced to a 
table that provides the maximum length of pipe that may be installed 
between the point where the water supply enters the dwelling and the most 
remote sprinkler. 
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KNOWLEDGE CHECK
What fixed pressure losses are used in the 
available pressure equation? (Select all that 
apply.)

A. Loss through meter.
B. Loss due to elevation.
C. Loss through other devices.
D. Loss in service pipe.
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QUICK COMPARISON
NFPA 13 NFPA 13R NFPA 13D/IRC P2904

Scope All occupancies Group R to four stories and 
60 feet in height

One- and two-family 
and townhouses

Coverage Entire building Occupied spaces Occupied spaces

Sprinkler design

Control mode, pipe 
schedule, hydraulic 

design, minimum 0.1 
gallons per minute 
(gpm)/square foot

Life-safety control mode, 
four-head design, or 0.05 

gpm/square foot

Life-safety control 
mode, two-head 

design, or 
0.05 gpm/square foot

Sprinklers
All approved types, 

residential in dwelling unit 
and adjacent corridor

Residential in dwelling unit 
and adjacent corridor, other 
approved types elsewhere

Residential in dwelling 
unit, other approved 

types elsewhere

Water demand System, plus 100 to 500 
gpm ± 52 gpm ± 26 gpm

Duration 30 to 120 minutes 30 minutes 7 to 10 minutes
Fire Department 

Connection 
(FDC)

Yes, with some exceptions Yes, if > 2,000 square feet or 
> one story Optional
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ACTIVITY 6.1 
 

Completing a Residential Sprinkler System Available Pressure Equation 
 
Purpose 
 
Demonstrate the data needed and steps taken to complete an available pressure equation for a 
prescriptive design. 
 
 
Direction 
 
Using the blank Available Pressure Worksheet beginning on the following pages and referring to 
the tables in the Appendix: Residential Sprinkler Prescriptive Design of this unit, you will follow 
along as the instructor assigns the specific values of the available pressure equation. 
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ACTIVITY 6.1 (cont’d) 
 

Available Pressure Worksheet 
 
In the following example, a resident has provided a prescriptive design with the following 
information: 
 
Design Criteria 
 
1. Static pressure from water purveyor, well pump or pump 

discharge (pounds per square inch (psi)) 
 

2. Number of dwellings served by sprinkler system (add 5 gpm to 
sprinkler flow rate when more than one dwelling) 

 

3. Sprinkler system design flow rate in gpm (minimum 2 
sprinklers) 

 

4. Dimensions and area of sprinkler coverage   

5. Minimum pressure required to obtain design flow rate in psi  

6. Outside diameter water service pipe size in inches  

7. Water service pipe length in feet  

8. Water meter (if any) size in inches  

9. Additional devices (if any): backflow preventer, water softener, 
filter, purifier 

 

Count    

 Model/Manufacturer: Loss  

 Model/Manufacturer: Loss  

 Model/Manufacturer: Loss  

 Model/Manufacturer: Loss  

10. Loss sum of additional devices (Enter zero if none or if 
automatic bypass provided) 

 

11. Elevation between water source pressure measurement and 
highest sprinkler in feet 
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Available Pressure Equation 
 
   Value 

Step 1 Psup Pressure available at water source  

Step 2 PLsvc Pressure loss in water service pipe  

Step 3 PLm Pressure loss in water meter  

Step 4 PLd Pressure loss due to other devices  

Step 5 PLe Pressure loss due to elevation  

Step 6 Psp Maximum pressure required by sprinkler based on the 
area of coverage 

 

Step 7 Pt Total pressure required in psi 
(Pt=Psup-PLsvc-PLm-PLd-PLe-Psp) 

 

 
 
Sprinkler Pipe Material and Size 
 

Material Diameter 
Maximum allowable pipe length from the 

service value to the most remote sprinkler 
(feet) 

PEX 1-inch  

PEX 3/4-inch  

CPVC 1-inch  

CPVC 3/4-inch  

Type M Copper 1-inch  

Type M Copper 3/4-inch  
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II. SUMMARY 
 

Slide 6-25

SUMMARY
• Simple arithmetic formula.
• Accuracy of inputs.
• Influence of system additions.
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RESIDENTIAL SPRINKLER PRESCRIPTIVE 
DESIGN 
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Residential Sprinkler Prescriptive Design 
 
As part of the effort to keep residential sprinkler design costs low, the national standards recognize 
a design method that enables nearly anyone with limited technical skills to create a sprinkler 
system layout with only a few items of information. This method is called prescriptive design 
because it describes precisely what must be done to achieve compliance with the standard. 
 
Prescriptive design follows all the familiar rules about sprinkler selection, spacing, pipe materials, 
water supply, hangers, etc., but differs in one key area: rather than using a sophisticated hydraulic 
calculation formula, simple arithmetic and some reference tables are employed to verify the system 
meets the design requirements. Rather than sizing pipe based on the hydraulic performance of the 
available water supply, the pipe is sized (and maximum length established) by the outcome of what 
is called the available pressure equation. 
 
The available pressure equation yields the pressure needed to overcome friction loss due to pipe 
material and elevation. The resulting pressure can be cross-referenced to a table that provides the 
maximum allowable length of pipe that can be installed between the point where the water supply 
enters the building and the most remote single sprinkler on the system. This maximum pipe length 
is determined by the pipe size and materials. 
 
In order to review and approve a set of plans submitted under the prescriptive design method, the 
code official should be provided the data inputs that are used in the available pressure equation 
and the tables from which various values are taken.  
 
Available pressure equation: 
 

Pt = Psup-PLsvc-PLm-PLd-PLe-Psp 
Where: 
Pt = available pressure 
Psup = pressure available from the water supply source (or pump) 
PLsvc = pressure loss in the water service pipe 
PLm = pressure loss through a water meter 
PLd = pressure loss from other devices on the system (water softeners, pressure reducing valves, 
backflow preventers, water filters or similar flow-restricting devices) 
 
 
(If one or more of these devices is equipped with a bypass feature that opens when the sprinkler 
system operates, this value may be entered as zero.) 
 

 
PLe = pressure loss due to elevation 
Psp = pressure needed by a sprinkler to meet its coverage requirements (as specified in the 
manufacturer’s catalog information) 
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Available Pressure Equation Inputs 
 
In order to collect accurate inputs, the designer must know the combined flow of the design 
sprinklers. This value is needed to select accurate pressure loss inputs from the tables. (See extracts 
on the following pages.) 
 

Psup This is the static water pressure available at the point of supply. This may be the 
connection to the municipal-type water main, or (in the case of a non-pressurized tank 
and pump arrangement) the minimum pressure control setting for the pump. 

PLsvc This is the pressure loss in the water service pipe between the connection and the point 
where it enters the dwelling. A value is entered from the Water Service Pressure Loss 
table based on the diameter of the pipe and its length. 

PLm This is the pressure loss resulting from the installation of a typical water meter of 5/8-, 
3/4- or 1-inch size. If the actual loss is known based on the manufacturer’s technical 
literature, use that value. 

PLd This is the pressure loss due to additional devices being installed in the water supply, 
such as water softeners, pressure reducing valves (PRVs), backflow preventers, water 
filters or similar flow-restricting devices. Device pressure losses must be based on the 
manufacturer’s technical literature. (If one or more of these devices is equipped with a 
bypass feature that opens when the sprinkler system operates, this value may be entered 
as zero.) 
If the water service supplies more than one dwelling, add 5 gpm to the flow rate to select 
the pressure loss value from the table. 

PLe This is the pressure loss due to elevation from the point of supply where the water 
source pressure was measured and the elevation of the highest sprinkler. 

Psp This is the pressure needed by any individual sprinkler to operate at the coverage area 
that the designer has selected. This information can be obtained from the sprinkler 
manufacturer’s technical bulletin. 

 
Once the input values are in the equation, solve for Pt. Pt is the residual pressure available to supply 
the sprinkler system. 
 
With the Pt value, the designer can refer to another set of tables that, based on pipe size and 
materials, provides the allowable length of pipe between the point where the system enters the 
building and the most remote sprinkler. 
 
Note that in the prescriptive pipe-sizing method, one needs to know the combined flow from the 
design sprinklers, but the allowable pipe length is applicable only to the most remote sprinkler. 
This is based on the hydraulic characteristic that if the most remote sprinkler can be supplied 
adequately (volume and pressure) the sprinklers upstream (between it and the source) will be 
supplied adequately.  
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Extracts from Prescriptive Design Tables 
 
The following examples are extracted from the prescriptive design tables for illustration only. They 
do not represent the entire table. 
 
 

Water Service Pressure Loss Table for PLsvc 
 

Flow 
rate 

(gpm) 

3/4-inch Water Service 
Pressure Loss (psi) 

1-inch Water Service 
Pressure Loss (psi) 

1 1/4-inch Water Service 
Pressure Loss (psi) 

Length of service pipe 
(feet) 

Length of service pipe 
(feet) 

Length of service pipe 
(feet) 

 40 
or 

less 

41 
to 
75 

76 
to 

100 

101 
to 

150 

40 
or 

less 

41 
to 
75 

76 
to 

100 

101 
to 

150 

40 
or 

less 

41 
to 
75 

76 
to 

100 

101 
to 

150 
8 5.1 8.7 11.8 17.4 1.5 2.5 3.4 5.1 0.6 1.0 1.3 1.9 
10 7.7 13.1 17.8 26.3 2.3 3.8 5.2 7.7 0.8 1.4 2.0 2.9 
18 22.9 NP NP NP 6.7 11.4 15.4 22.7 2.5 4.3 5.8 8.6 
20 27.8 NP NP NP 8.1 13.8 18.7 27.6 3.1 5.2 7.0 10.4 
28 NP NP NP NP 15.1 25.7 NP NP 5.7 9.7 13.1 19.4 
34 NP NP NP NP 21.7 NP NP NP 8.2 13.9 18.8 NP 

NP = not permitted; must find alternate solution. 
 
 

Minimum Water Meter Pressure Loss for PLm 
(To be used only if manufacturer’s pressure loss data is not known) 

 
Flow rate 

(gpm) 
5/8-inch Water Meter 

Pressure Loss (psi) 
3/4-inch Water Meter 

Pressure Loss (psi) 
1-inch Water Meter 
Pressure Loss (psi) 

8 2 1 1 
10 3 1 1 
20 11 4 2 
28 NP 6 2 
34 NP 8 3 

NP = not permitted; must find alternate solution. 
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Elevation Loss for PLe 
(Difference from where the water source pressure was measured) 

 
Elevation (feet) Pressure Loss (psi) 

5 2.2 
10 4.4 
15 6.5 
20 8.7 
25 10.9 
30 13 

 
 

Allowable Pipe Length for 1-inch PEX for Pt 
(Table values are allowable length of pipe from service valve to farthest sprinkler) 
 

Flow 
Rate 

(gpm) 

Available Pressure = Pt 

15 20 25 30 35 40 45 50 55 

8 314 418 523 628 732 837 941 1,046 1,151 
10 208 277 346 415 485 554 623 692 761 
20 58 77 96 115 134 154 173 192 211 
28 31 41 52 62 72 82 93 103 113 
34 22 29 36 43 50 58 65 72 79 

 
 

Allowable Pipe Length for 3/4-inch PEX for Pt 
(Table values are allowable length of pipe from service valve to farthest sprinkler) 
 

Flow 
Rate 

(gpm) 

Available Pressure = Pt 

15 20 25 30 35 40 45 50 55 

8 93 123 154 185 216 247 278 309 339 
10 74 99 124 149 174 199 223 248 273 
20 17 23 28 34 40 45 51 57 62 
28 NP NP 15 18 21 24 27 30 33 
34 NP NP NP NP NP 17 19 21 23 

NP = not permitted; must find alternate solution. 
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Allowable Pipe Length for 1-inch CPVC for Pt 
(Table values are allowable length of pipe from service valve to farthest sprinkler) 
 

Flow 
Rate 

(gpm) 

Available Pressure = Pt 

15 20 25 30 35 40 45 50 55 

8 1,049 1,398 1,748 2,098 2,447 2,797 3,146 3,496 3,845 
10 694 925 1,157 1,388 1,619 1,851 2,082 2,314 2,545 
20 193 257 321 385 449 513 578 642 706 
28 103 138 172 207 241 275 310 344 379 
34 72 96 120 144 168 192 216 240 265 

 
 

Allowable Pipe Length for 1-inch Type M Copper for Pt 
(Table values are allowable length of pipe from service valve to farthest sprinkler) 
 

Flow Rate 
(gpm) 

Available Pressure = Pt 
15 20 25 30 35 40 45 50 55 

8 806 1,075 1,343 1,612 1,881 2,149 2,418 2,687 2,955 
10 533 711 889 1,067 1,245 1,442 1,600 1,778 1,956 
20 148 197 247 296 345 395 444 493 543 
28 79 106 132 159 185 212 238 265 291 
34 55 74 92 111 129 148 166 185 203 

 
 

Allowable Pipe Length for 3/4-inch CPVC for Pt 
(Table values are allowable length of pipe from service valve to farthest sprinkler) 
 

Flow Rate 
(gpm) 

Available Pressure = Pt 
15 20 25 30 35 40 45 50 55 

8 348 465 581 697 813 929 1,045 1,161 1,278 
10 231 307 384 461 538 615 692 769 845 
20 64 85 107 128 149 171 192 213 235 
28 34 46 57 69 80 92 103 114 126 
34 24 32 40 48 56 64 72 80 88 
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Allowable Pipe Length for 3/4-inch Type M Copper for Pt 
(Table values are allowable length of pipe from service valve to farthest sprinkler) 
 

Flow Rate 
(gpm) 

Available Pressure = Pt 
15 20 25 30 35 40 45 50 55 

8 217 289 361 434 506 578 650 723 795 
10 143 191 239 287 335 383 430 478 526 
20 40 53 66 80 93 106 119 133 146 
28 21 28 36 43 50 57 64 71 78 
34 NP 20 25 30 35 40 45 50 55 

NP = not permitted; must find alternate solution. 
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Available Pressure Equation 
 

Design Criteria 
 
Steps Description Value 
1 Static pressure from water purveyor, well pump or pump discharge (psi)  psi 

2 Number of dwellings served by sprinkler system  
(add 5 gpm to sprinkler flow rate when more than one dwelling) 

  

3 Sprinkler system design flow rate in gpm (minimum 1, maximum 2 
sprinklers) 

  

 Design sprinkler(s): ________x _________ gpm =  gpm 
 Or, design sprinkler(s): (________x _________ gpm) + 5 gpm =  gpm 
4 Dimensions and area of sprinkler coverage (16x16)  feet2 
5 Minimum pressure required to obtain design flow rate in psi  psi 
6 Outside diameter water service pipe size in inches  inch 
7 Water service pipe length in feet  feet 
8 Water meter (if any) size in inches  inch 

9 Additional devices (if any): backflow preventer, water softener, filter, 
purifier 

  

 Count    
  Model/Manufacturer:  psi 
  Model/Manufacturer:  psi 
  Model/Manufacturer:  psi 
  Model/Manufacturer:  psi 

10 Loss sum of additional devices (enter zero if none or if automatic bypass 
provided) 

 psi 

11 Elevation between water source pressure measurement and highest 
sprinkler in feet 

 feet 

 
 

Available Pressure Equation 
 

Steps P Description Value 
Step 1 Psup Pressure available at water source  
Step 2 PLsvc Pressure loss in water service pipe  
Step 3 PLm Pressure loss in water meter  
Step 4 PLd Pressure loss due to other devices  
Step 5 PLe Pressure loss due to elevation  

Step 6 Psp Minimum pressure required by sprinkler based on the area of 
coverage  

Result Pt Total pressure required in psi (Pt = Psup-PLsvc-PLm-PLd-PLe-Psp)  
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Sprinkler Pipe Material and Size 
 

Material Diameter Maximum allowable pipe length from the service valve to 
the most remote sprinkler (feet) 

PEX 1-inch  
PEX 3/4-inch  
CPVC 1-inch  
CPVC 3/4-inch  
Type M Copper 1-inch  
Type M Copper 3/4-inch  
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Available Pressure Equation 
(Training Sample Only) 

 
In the following example, a resident has provided a prescriptive design with the following 
information. 
 

Design Criteria 
 

Steps Description Value 
1 Static pressure from water purveyor, well pump or pump discharge (psi) 64 psi 

2 Number of dwellings served by sprinkler system 
(add 5 gpm to sprinkler flow rate when more than one dwelling) 1 

3 Sprinkler system design flow rate in gpm (minimum 1, maximum 2 
sprinklers)  

 Design sprinkler(s): ________x _________ gpm = 28 gpm 
 Or, design sprinkler(s): (________x _________ gpm) + 5 gpm = gpm 
4 Dimensions and area of sprinkler coverage (16 x 16) 256 feet2 

5 Minimum pressure required to obtain design flow rate in psi 7 psi 
6 Outside diameter water service pipe size in inches 1 inch 
7 Water service pipe length in feet 26 feet 
8 Water meter (if any) size in inches 1 inch 

9 Additional devices (if any) backflow preventer, water softener, filter, 
purifier 0 

 Count   
 0 Model/Manufacturer: psi 
 0 Model/Manufacturer: psi 
 0 Model/Manufacturer: psi 
 0 Model/Manufacturer: psi 

10 Loss sum of additional devices (enter zero if none of if automatic bypass 
provided) 0 psi 

11 Elevation between water source pressure measurement and highest 
sprinkler in feet 20 feet 

 
 

Available Pressure Equation 
 

Steps P Description Value 
Step 1 Psup Pressure available at water source 64 
Step 2 PLsvc Pressure loss in water service pipe 15.1 
Step 3 PLm Pressure loss in water meter 2 
Step 4 PLd Pressure loss due to other devices 0 
Step 5 PLe Pressure loss due to elevation 8.7 

Step 6 Psp Minimum pressure required by sprinkler based on the area of 
coverage 7 

Result Pt Total pressure required in psi (Pt = Psup-PLsvc-PLm-PLd-PLe-Psp) 31.2 
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Sprinkler Pipe Material and Size 
 
With 31.2 psi available pressure, the maximum allowable pipe length from the service valve to the 
most remote sprinkler, based on pipe material and size, is: 
 

Material Diameter Maximum allowable pipe length from the service 
valve to the most remote sprinkler (feet) 

PEX 1-inch 62 
PEX 3/4-inch 18 
CPVC 1-inch 207 
CPVC 3/4-inch 69 
Type M Copper 1-inch 159 
Type M Copper 3/4-inch 43 
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TERMINAL OBJECTIVE 
 
The students will be able to: 
 
7.1 Verify compliance with national design and installation standards, given a set of plans and hydraulic 

calculations. 
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TERMINAL OBJECTIVE
Verify compliance with national design and 
installation standards, given a set of plans 
and hydraulic calculations.
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ACTIVITY 7.1 
 

Plans Review Assessment 
 
Purpose 
 
Verify compliance with national design and installation standards for a given set of plans and 
hydraulic calculations. 
 
 
Directions 
 
1. You will refer to this unit’s Appendix A: Yellow House Residential Sprinkler Plans for 

sprinkler drawings and hydraulic calculations. Refer also to the sprinkler manufacturer 
data sheets from this unit’s Appendix B: Tyco Manufacturer Catalog Information. 

 
2. Based on the information provided, answer the following questions in your group: 
 

a. Are all the sprinklers in the living room suitable for residential application? Why 
or why not? 

 
  
 
  
 
  

 
b. Is the Fire Department Connection (FDC) and piping installed in accordance with 

national standards or the manufacturer’s recommended installation practices? 
Why or why not? 

 
  
 
  
 
  

 
c. Is the main control valve and piping installed in accordance with national 

standards or the manufacturer’s recommended installation practices? Why or why 
not? 
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d. Do all pipe sizes match the sprinkler plan general notes or the calculations? Why 
or why not? 

 
  
 
  
 
  

 
e. Do all pipe types match the sprinkler plan general notes or the calculations? Why 

or why not? 
 

  
 
  
 
  

 
f. Are all elevation design assumptions addressed in the hydraulic calculations? 

Why or why not? 
 

  
 
  
 
  

 
g. Is the water supply the correct amount? Why or why not? 

 
  
 
  
 
  

 
h. Are the “General Notes” regarding the pressure testing correct on the drawings? 

Why or why not? 
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i. Is all sprinkler spacing in the kitchen in accordance with the manufacturer’s 
recommended installation practices? Why or why not? 

 
  
 
  
 
  

 
j. Is sprinkler coverage on the first floor in accordance with national standards or 

the manufacturer’s recommended installation practices? Why or why not? 
 

  
 
  
 
  

 
k. For the sprinkler spacing shown, is the flow and pressure value correct in the 

hydraulic calculations? Why or why not? 
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I. FINAL EXAM 
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Fire Sprinkler Working Plans  
 

National Fire Protection Association (NFPA) Standard 13, Standard for the Installation of 
Sprinkler Systems, requires that specific information be included on sprinkler system working 
plans so the authority having jurisdiction (AHJ) can review them. 
 
The following list is intended for large-scale commercial projects, and generally provides more 
information than is needed for a typical residential plan. The items marked with an asterisk (*) are 
appropriate for a residential plans review submittal. 
 
Working plans must be drawn to an indicated scale, on sheets of uniform size with a plan of each 
floor, and must include the following items: 
 
1 *Name of owner and occupant. 
2 *Location, including street address. 
3 *Point of compass. 
4 *Full-height cross-section, or schematic diagram, including structural member information 

if required for clarity and including ceiling construction/slope and method of protection for 
nonmetallic piping. 

5 *Location of partitions. 
6 Location of fire walls. 
7 Occupancy class of each area or room. 
8 *Location and size of concealed spaces, closets, attics and bathrooms. 
9 *Any small enclosures in which no sprinklers are to be installed. 
10 *Size of city main in street and whether dead end or circulating; if dead end, direction and 

distance to nearest circulating main; and city test results and system elevation relative to 
test hydrant or test location. 

11 *Other sources of water supply, with pressure or elevation. 
12 *Make, model, Sprinkler Identification Number (SIN) and nominal K-factor of sprinklers. 
13 *Temperature rating and location of high-temperature sprinklers. 
14 Total area protected by each system on each floor. 
15 Number of sprinklers on each riser on each floor. 
16 Total number of sprinklers on each dry pipe system, preaction system, combined dry pipe 

preaction system or deluge system. 
17 Approximate capacity in gallons of each dry pipe system. 
18 *Pipe type and schedule of wall thickness. 
19 *Nominal pipe size and cutting lengths of pipe (or center-to-center dimensions). Where 

typical branch lines prevail, it shall be necessary to size only one typical line. 
20 Location and size of riser nipples. 
21 Type of fittings and joints and locations of all welds and bends. The contractor shall specify 

on drawing any sections to be shop-welded and the type of fittings or formations to be used. 
22 *Type and locations of hangers, sleeves, braces and methods of securing sprinklers when 

applicable. 
23 *All control valves, check valves, drain pipes and test connections. 
24 *Make, model, type and size of alarm or dry pipe valve. 
25 *Make, model, type and size of deluge or preaction valve. 
26 *Kind and location of alarm bells. 
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27 Size and location of standpipe risers, hose outlets, hand hose, monitor nozzles and related 
equipment. 

28 Private fire service main sizes, lengths, locations, weights, materials, point of connection 
to city main; the sizes, types and locations of valves, valve indicators, regulators, meters 
and valve pits; and the depth that the top of the pipe is laid below grade. 

29 Piping provisions for flushing. 
30 Where the equipment is to be installed as an addition to an existing system, enough of the 

existing system indicated on the plans to make all conditions clear. 
31 For hydraulically designed systems, the information on the hydraulic data nameplate. 
32 *A graphic representation of the scale used on all plans. 
33 *Name and address of contractor. 
34 *Hydraulic reference points shown on the plan that correspond with comparable reference 

points on the hydraulic calculation sheets. 
35 The minimum rate of water application (density), the design area of water application, in-

rack sprinkler demand, and the water required for hose streams both inside and outside. 
36 The total quantity of water and the pressure required noted at a common reference point 

for each system. 
37 *Relative elevations of sprinklers, junction points, and supply or reference points. 
38 If room design method is used, all unprotected wall openings throughout the floor 

protected. 
39 Calculation of loads for sizing and details of sway bracing. 
40 The setting for pressure-reducing valves. 
41 *Information about backflow preventers or water metering devices (manufacturer, size, 

type). 
42 *Information about antifreeze solution used (type and amount). 
43 Size and location of hydrants, showing size and number of outlets and if outlets are to be 

equipped with independent gate valves. Whether hose houses and equipment are to be 
provided, and by whom, shall be indicated. Static and residual hydrants that were used in 
flow tests shall be shown. 

44 *Size, location and piping arrangement of fire department connections (if any). 
45 *Information about water system attachments: water softeners, purifiers, filters or other 

devices that may restrict flow (manufacturer, make, model, size). 
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Hydraulic Calculations 
 
When the submittal is for a hydraulically designed sprinkler system, hydraulic calculation forms 
with the following information must be included. 
 

Summary Sheet 
 
1 *Date. 
2 *Location. 
3 *Name of owner and occupant. 
4 *Building number or other identification. 
5 Description of hazard. 
6 *Name and address of contractor or designer. 
7 *Name of approving agency. 
8 *System design requirements, as follows: 

a. Design of water application in square feet. 
b. Minimum rate of water application (density), gallons per minute (gpm)/square foot. 
c. Area per sprinkler in square feet. 
d. Number of design sprinklers. 

9 *Total water requirements as calculated, including allowance for inside hose, outside 
hydrants, and water curtain and exposure sprinklers. 

10 Allowance for in-rack sprinklers in gpm. 
11 Limitations (dimension, flow and pressure) on extended coverage or other special listed 

sprinklers. 
 

*Detailed Worksheets 
 
1 Sheet number. 
2 Sprinkler description and discharge constant (K). 
3 Hydraulic reference points. 
4 Flow in gpm. 
5 Pipe size. 
6 Pipe lengths, center-to-center of fittings. 
7 Equivalent pipe lengths for fittings and devices. 
8 Friction loss in pounds per square inch (psi)/foot of pipe. 
9 Total friction loss between reference points. 
10 In-rack sprinkler demand balanced to ceiling demand. 
11 Elevation head in psi between reference points. 
12 Required pressure in psi at each reference point. 
13 Velocity pressure and normal pressure if included in calculations. 
14 Notes to indicate starting points or reference to other sheets or to clarify data shown. 
15 Diagram to accompany gridded system calculations to indicate flow quantities and 

directions for lines with sprinklers operating in the remote area. 
16 Combined K-factor calculations for sprinklers on drops, armovers or sprigs where 

calculations do not begin at the sprinkler. 
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*Graph Sheet 
 

1 Water supply curve. 
2 Sprinkler system demand. 
3 Hose demand (where applicable). 
4 In-rack sprinkler demand (where applicable). 
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Hydraulic Symbols 
 

When the submittal is for a hydraulically designed sprinkler system, hydraulic calculation forms 
with the following abbreviations or symbols should be used. Some engineers and designers will 
use different abbreviations. 
 

Symbol or 
Abbreviation 

 Item 

   
p  Pressure in pounds psi 

gpm  U.S. gallons per minute 
q  Flow increment in gpm to be added at a specific location 
Q  Summation of flow in gpm at specific location 
Pt  Total pressure in psi at a point in a pipe or tube 
Pf  Pressure loss due to friction between points indication in a 

location column 
Pe  Pressure due to elevation difference between two points. 

This can be a plus or minus value. If minus, the minus sign 
(-) must be used. If plus, no sign is needed. 

Pv  Velocity pressure in psi at a point in a pipe 
Pn  Normal pressure in psi at a point in a pipe 
E  90 degree ell 

EE  45 degree ell 
Lt.E  Long-turn elbow 
Cr  Cross 
T  Tee-flow turned 90 degrees 

GV  Gate valve 
BV  Butterfly (wafer) check valve 

Del V  Deluge valve 
ALV  Alarm valve 
DPV  Dry pipe valve 
CV  Swing check valve 

WCV  Butterfly (wafer) check valve 
St  Strainer 
psi  Pounds per square inch 
v  Velocity of water in pipe in feet per second 
K  K-factor 

C-factor  Friction loss coefficient 
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Key Formulas 
 

This list includes essential fire protection mathematical formulas for sprinkler plans review. 
 
1. Area. 
 

To compute the area of a square or rectangle: 
 

L x W = area 
 

Where: 
 

 L = length of one side of the square/rectangle 
 W = width of one side of the square/rectangle 
 
Example: What is the area of a room that measures 26 feet by 14 feet? 
 

26 x 14 = 364 ft2 
 
 
2. Water flow from a single sprinkler. 
 
 To compute the water flow in gallons per minute (gpm) from a single sprinkler: 
 

Q = K√P 
 

Where: 
 

 Q = quantity of water in gpm 
 K = the sprinkler K-factor, a coefficient of its outlet area 
 P = pressure in pounds per square inch (psi) 

 
Example: What is the flow in gpm of a sprinkler with a K-factor of 5.6 and a flowing 
pressure of 29 psi? 
 

Q = 5.6√29 
Q = 5.6 x 5.3851 
Q = 30.1569 gpm 
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3. Determine the K-factor of a single sprinkler. 
 

To determine the K-factor of a sprinkler: 
 

K = Q/√P 
 

Where: 
 
Q = quantity of water in gpm 

 K = the sprinkler K-factor, a coefficient of its outlet area 
 P = pressure in psi 
 
Example: What is the K-factor of a sprinkler when the flow is 68 gpm and the operating 
pressure is 43 psi? 
 

K = 68/√43 
K = 68/6.557 
K = 10.3705 

 
 

4. Area of application adjustment for quick response sprinklers (QRSs) in wet pipe light 
or ordinary hazard occupancies with ceilings 20 feet or less. 
 
To determine the adjustment in the area of application when ceiling height is greater than 
or equal to 10 feet and less than or equal to 20 feet: 
 

y = -3x/2+55 
 

Where: 
 
y = percentage reduction to design area (area of application) 
x = maximum ceiling height 
 
Note: 
 
For ceiling height < 10 feet, y = 40 
For ceiling height > 20 feet, y = 0 
 

Example: What is the allowable reduction of area of application for a ceiling height of 15 
feet when QRSs are employed on a wet pipe system in a light or ordinary hazard 
occupancy? 

 
y = -3x/2+55 

y = -3(15)/2+55 
y = -45/2+55 
y = -22.5+55 

y = 32.5% 
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5. Coverage area per sprinkler. 
 

To determine the area per coverage of a single sprinkler: 
 

S x L = As 

 
Where: 
 
S = the larger of twice the distance to the wall or obstruction or the distance to the 
next sprinkler on a branch line. 
L = the larger of twice the distance to the wall or obstruction or the distance to the 
adjacent branch line. 
As = area per coverage of a single sprinkler. 

 
Example: What is the area per coverage of a sprinkler that is 6 feet, 6 inches from the 
nearest wall; 9 feet, 10 inches from the nearest sprinkler on the same branch line; and 10 
feet between branch lines? 

 
S = 13 (6 feet, 6 inches x 2 is greater than 9 feet, 10 inches) 

L = 10 
 

As = 13 x 10 
As = 130 ft2 

 
 

6. Rectangular shape of the remote area. 
 

To establish the long side of the rectangular dimension of the remote area: 
 

1.2 x √A 
 

Where: 
 
A = the area of application (remote area). 

 
Example: What is the long side of the rectangular dimension of the remote area for an area 
of application of 3,250 square feet? 

 
1.2 x √3,250 
1.2 x 57.008 
68.4096 ft 
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7. Number of design sprinklers in the remote area. 
 

To establish the number of sprinklers required in the remote area: 
 

 Area of operation (remote area)  
Area per sprinkler* 

 
* As established by actual measurement, not NFPA 13 tables. 

 
Example: How many sprinklers must be included in a light hazard occupancy remote area 
of 2,725 square feet with sprinkler spacing of 215 square feet? 
 

2,725/215 = 12.67 rounded to 13 
 

 
8. Number of sprinklers per branch line within the remote area. 
 

To establish the number of design sprinklers on each branch line within the remote area: 
 

(1.2 x √A)/S 
 

Where: 
 
A = the area of application (remote area) 
S = the spacing between sprinklers on a branch line 

 
Example: What is the number of design sprinklers per branch line in a remote area of 3,250 
square feet with sprinklers spaced 10 feet, 6 inches on center? 

 

(1.2 x √3,250)/10.5 
(1.2 x 57.008)/10.5 

68.4096/10.5 
6.515 rounded to 7 

 
 
9. Pressure loss due to elevation. 
 

To establish the amount of pressure loss due to elevation: 
 

0.433 x h 
 

Where: 
 
h = height in feet 

 
Example: How much pressure is lost due to differences in elevation between 87 feet and 
46 feet above sea level (ASL)? 

 
87 – 46 = 41-foot difference 

41 x 0.433 = 17.75 psi loss due to elevation 
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10. Velocity pressure. 
 

To establish the amount of velocity necessary to keep water moving in the pipe or tube: 
 

Pv = 0.001123Q2 

D4 
Where: 
 
Pv = velocity pressure in psi 
Q = flow in gpm 
D = inside diameter (in inches) of the pipe or tube 

 
Example: What is the velocity pressure in a 1-inch Schedule 40 branch line flowing 23 
gpm? 

 
Pv = 0.001123(23)2 

1.0494 
 

Pv = 0.001123(529) 

1.21008 
 

Pv = 0.594067 

1.21008psi 
 

Pv = 0.4909 psi 
 
 

11. Normal pressure. 
 

To determine normal pressure (which is the pressure acting perpendicularly against pipe 
walls): 

 
Pn = Pt – Pv 

 
Where: 
 
Pn = normal pressure 
Pt = total pressure (elevation and loss due to friction) in psi 
Pv = velocity pressure in psi 

 
Example: What is the normal pressure in a pipe or tube when the total pressure is 58 psi 
and the velocity pressure is 36 psi? 
 

Pn = 58 – 36 
Pn = 12 psi 
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12. Pressure loss due to friction. 
 

To establish the amount of pressure loss due to friction within the pipe or tube: 
 

p =  4.52Q1.85 
  C1.85d4.87 

 
Where: 
 
p = pressure loss in psi per foot of pipe 
Q = rate of flow in gpm 
C = coefficient of friction 
d = inside diameter of the pipe or tube in inches 

 
Example: What is the friction loss per foot of pipe for a 1 1/4-inch Schedule 40 chlorinated 
polyvinyl chloride (CPVC) plastic tube flowing 29 gpm? 

 
 

p =  4.52(291.85) 
  (1501.85)(1.254.87) 

 
 

p =  4.52(507.50) 
  (10,611.305)(2.9645) 

 
 

p =  2293.9 
  31,357.215 

 
p = 0.73158 psi/ft 
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13. C-factor multipliers. 
 

To convert the value of C from 120 for determining equivalent pipe lengths: 
 

Value of C 100 120 130 140 150 
 Unlined cast or 

ductile iron, 
black steel (dry) 

Black steel 
(wet) or 

galvanized 

 Cement lined 
cast or ductile 
iron, asbestos 

cement, 
concrete 

Plastic, 
copper tube, 

stainless 
steel 

Multiplying 
factor 

 
0.713 

 
0.00 

 
1.16 

 
1.33 

 
1.51 

 
Example: What is the equivalent length of pipe for a 4-inch 90-degree long-turn elbow 
made of cast iron, compared to a black steel pipe on a wet-pipe sprinkler system? 

 
 

From NFPA 13, Table 27.2.3.1.1, a four-inch 90-degree long-turn elbow is equivalent to 6 
feet of pipe. To convert that to C = 100, multiply 6 x 0.713 = 4.278 equivalent feet. 

 
 
14. Velocity of water in feet per second. 
 
 

To establish the velocity flow in feet per second: 
 

V = 0.4084Q 
d2 

 

Where: 
 
V = flow velocity in feet per second 
Q = flow rate in gpm 
d = internal pipe diameter in inches 

 
Example: What is the flow velocity in feet per second for a 1-inch Schedule 40 branch line 
flowing 22 gpm? 

V = 0.4084(22) 
1.100412 

 
V = 8.98 feet per second 
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ACRONYMS 
 
AC alternating current 
 
AHJ authority having jurisdiction 
 
ASL above sea level 
 
ASME American Society of Mechanical Engineers 
 
AWS American Welding Society 
 
BPVC Boiler and Pressure Vessel Code 
 
CPVC chlorinated polyvinyl chloride 
 
CRR Community Risk Reduction 
 
FDC Fire Department Connection 
 
FM Factory Mutual 
 
gpm gallons per minute 
 
HUD U.S. Department of Housing and Urban Development 
 
IBC International Building Code 
 
ICC International Code Council 
 
IFC International Fire Code 
 
IG Instructor Guide 
 
IRC International Residential Code 
 
MIC microbiologically influenced corrosion 
 
NFA National Fire Academy 
 
NFPA National Fire Protection Association 
 
NSF National Sanitation Foundation 
 
OS&Y outside stem and yoke 
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PB polybutylene 
 
PE polyethylene 
 
PEX cross-linked polyethylene  
 
PIV post indicator valve 
 
PRV pressure reducing valve 
 
psi pounds per square inch 
 
PSID pounds per square inch differential 
 
QRS quick response sprinkler 
 
RSPR “Residential Sprinkler Plan Review” 
 
RTI Response Time Index 
 
SAW Student Activity Worksheet 
 
SDR Standard Dimension Ratio 
 
SIN Sprinkler Identification Number 
 
SM Student Manual 
 
UL Underwriters Laboratories 
 
USFA U.S. Fire Administration 
 
V volt 
 
WIV wall indicator valve 
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